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FOREWORD 

The Micrometeoroid Satellite, Explorer XI11 (1961 C h i )  w a s  a cooperative 
e f fo r t  between three NASA Centers - Langley, Lewis, and Goddard. This report  
contains contributions from t h e  Langley Research Center and the Goddard Space 
Flight Center. The coordinator, who w a s  formerly a Langley employee but i s  
presently with NASA Headquarters, grateful ly  acknowledges the  e f fo r t s  of not 
only  the  authors who have contributed t o  t h i s  report but t o  a l l  others asso- 
ciated with t h e  Explorer XIII. 





CONTENTS 

Page 

F O R E W O R D . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 

SUMMARY . . . . . . . . . . . . . . . . . . . . * . . . * . . . . . . . .  1 
3 C H A P T E R I - I N T R O D U C I ' I O N  - . - - 

R E F m c E s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

C H A P T E R I I - S P A C E C R A F T  . . . - .  . 7 

1 

1 
:I 

By Charles T. D ' A i u t o l o ,  NASA H e a d q u a r t e r s  

By Charles T. D ' A i u t o l o ,  NASA Headquarters 

j 
S E C T I O N I - D E S C K J X T I O N  . . . - .  - .  . . 7 \ 

i' 
SECTION 11 - Z A . ~  OPERATIONS . . . . . . . . . . . . . . . . . . 15 
SECTION I11 - ASCENT PERFORMANCE 0 . . . . . 19 
SECTION IV - ORBITAL PERFORMANCE . . - . 21 
SECI'ION V - DATA ACQUrSITION . . . . . . . . . . . . . . . 22 
SECTION V I  - REFEEENCES . . . . . . . . . . . . . . . . . . . . . . . 24 
T A B L E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 

CHAPTER 111 - MECHANICAL DESIGN AND INTZRATION . . . . . . . . . . . . . 29 

SECTION I - INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . 29 

SECTION 111 - SURFACE TREATMENT . . . . . . . . . . . . . . . . . . . 32 

By Hugh C. H a l l i d a y ,  Langley R e s e a r c h  C e n t e r  

SECTION I1 - DESIGN D E T A I L S  . - . . . . . 8 . 29 

S E C I ' I O N I V - F I T C H E C K .  . . . . . 33 
SECI'ION V - BALANCING AND FINAL ASSEMBLY . . . . . . 33 
S E C T I O N V I - R E F E R E N C E S  . . . . 34 

C H A P T E R I V - T - D E S I G N  . . . . . . . . . . . - .  . . . 35 
By W a l t  C. Long, Langley R e s e a r c h  C e n t e r  

S E C T I O N I - I N T R O D U C T I O N . .  . . . . . . . - .  . . . . . . . 35 
SECTION I1 - SYSTEMS D E S C R I P T I O N  . . . . . . . 35 
SECTION I11 - ANTENNA SYSTEMS . . . . . . - . . . . . . 47 
SECTION IV - CHANNEL ALLOCATIONS . . . . . . . . . . . . . . . . . . . 50 
SECTION V - GROUND COMPATIBILXTY TESTS . . . . . . . 53 
SECTION VI - OPERA!I'IONAL R E m T S  . . . - . . . . . . 61 
SECTION VI1 - REFERENCES . . . . . . . . . . . . . . . . . . . . . . . 63 
T A B L E S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  66 
CIRCUITDIAGRAMS.. . . . . . . . . . . . . . . . . . . . . . . . . . 70 

CHAPTER V - POWER-SUPPLY SYSTESIS AND TEST SOLAR CELLS . 79 
By John L. Patterson, Langley R e s e a r c h  C e n t e r  

S E C T I O N I - I N T R O D U C T I O N . .  . . . . 79 
SECTION I1 - POWER-SUPPLY SOLAR CELLS . . . 79 
SECTION I11 - BATTERIES . . . . . . . . . . . . . . . . . . . . . 88 

SECTION V - SOLAR-CELL TEST GROUPS . . . . . . . . . . . . . . . . . 96 
SECTION V I  - F L I G H T  RESULTS . . . . . . . . . . . . . . . . . . . . . 98 

SECTION I V  - COMPLETE POWER-SUPPLY SYSTEM . . 93 

iii 



S E C T I O N V I I . A P P E N D I X A  . . . . . . . . . . . . . . . . . . . . . .  
S E C T I O N V I I I - A P P E N D I X B  . . . . . . . . . . . . . . . . . . . . .  
S E C T I O N I X - R E F E R E N C E S  . . . . . . . . . . . . . . . . . . . . . .  

C H A P T E R V I - T E E R M A L D E S I G N  . . . . . . . . . . . . . . . . . . . . . .  
By E a r l  C . H a s t i n g s .  Jr., R i c h a r d  E . Turner. and G . Louis Smith. 

Langley R e s e a r c h  C e n t e r  
SECTION I . INTRODUCTION . . . . . . . . . . . . . . . . . . . . .  
S E C T I O N I I . S Y M B O L S  . . . . . . . . . 
S E C T I O N  I11 . ANALYTICAL MEI'HODS . . . . . . . . . . . . . . . . . .  
SECTION I V  . RESULTS AND D I S C U S S I O N  . . . . 
S E C T I O N  V . CONCLUDING REMARKS . . . . . . . . . . . . . . . . . . .  
S E C T I O N V I - R E F E R E N C E S  . . . . . . . . . . . . . . . . . . . . . .  

C H A P I " V I I . T E S l l P R O G R A M  . . . . . . . . . . . . . . . . . . . . . . .  
S E C T I O N  I . INTRODUCTION . . . . . . 
S E C T I O N  I1 . ENVTRONMENTAL TEST S P E C I F I C A T I O N S  . . 
SECTION I11 . FUNCTIONAL AND DESIGN TESTS 0 

S E C T I O N  I V  . F L I G H T  QUALLFICATION TESTS . . . . 
SECTSON V . FLIGFIT ACCEPTANCE TESTS . . . . . . . . . . . . . . . .  

By W . S . H a y w o o d  and H u g h  C . H a l l i d a y .  Langley R e s e a r c h  C e n t e r  

CHAFTERVII I -DATAREDUCTION . . . . . . . . . . . . . . . . . . . . .  
SECTION I . INTRODUCTION . . . . . . . . . . . . . . . . . . . . . .  
S E C T I O N  I1 . DATA READOUT SYSTEM . . . . . . . 
S E C T I O N  I11 . DATA PROCESSING OPERATIONS . . . . . . . . . . . . . .  
S E C T I O N I V -  PERFORMANCEEVALUATION . . . . . . . . . . . . . . . .  

By Sheldon K o p e l s o n .  Langley R e s e a r c h  C e n t e r  

TABU . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CHAPTER I X  . PRESSURIZED-CELL E x P m  . . . . . . . . . . . . . . . .  

By C h a r l e s  A . G u r t l e r .  Langley R e s e a r c h  C e n t e r  
SECTION I . INTRODUCTION . . . . . . . . . . . . . . . . . . . . . .  
SECTION I1 . D E S C R I P T I O N  . . . . . . . . . . . . . . . . . . . . . .  
SECTTON I11 . ENVIRONMENTAL T E S T I N G  . . . . . . . . . . . . . . . . .  
S E C T I O N I V . C A L I B R A T l O N  . . . . . . . . . . . . . . . . . . . . . .  
S E C T I O N V . F L I G E T R E S U L T S  . . . . . . . . . . . . . . . . . . . . .  

CKAPTER X . COPPER-WIRE-CARD DETECTORS . . . . 4 

S E C T I O N  I: . DESCl3TPTION . . . . . . . . . . . . . . . . . . . . . .  
S E C T I O N I 1 . R E S U L T S  . . . . . . . . . . . . . . . . . . . . . . . .  

By Luc Secretan. G o d d a r d  Space Fl ight  C e n t e r  

CHAF'TER XI . CADMIUM-SULFIDE EXPERIMENT . . . . . . . . . . . . . . . .  
SECTION I . D E S C R I P T I O N  * . . . . . . 
S E C T I 0 N I I . R E S U L T S  . . . . . . . . . . . . . . . . . . . . . . . .  

By Luc Secretan. G o d d a r d  Space Fl ight  C e n t e r  

99 
100 
100 

101 

101 
101 
103 
103 
117 
117 

145 

157 

157 
158 
163 
165 
165 

167 

167 
170 

171 

171 
172 

i v  



CHAPTER XI1 - IMPACT-DETECTION EXPERIMENT . . . . . - . 175 
By Alfred G. B e s w i c k ,  Langley R e s e a r c h  C e n t e r  

SECTION I - INTRODUCTION - . - . 175 
SECTION 11 - IMPACT-DETECTION-SYSTW OPEFWFION . . . . . . . . . . . 175 

SECTION IV - CALIBRATION . . . . . . . . . . . . . . . . . . . . . . 183 
SECTION 111 - DESCRIPTION OF INSTRUMENTATION . . . . . . . . . . . . 178 

SECTION V - RESULTS AND CONCLUSIONS . . . . . . . . . . . . . . . . . 194 
SECTION V I  - FZFEBENCE . . . . . . . . . . . . . . . . . . . . . . . 196 
TABUS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-97 

V 



THE MICROMEZ'EOROID SATELLITE EXPLORER XTII (1961 CHI) 

COLLEKXED PAPERS ON DESIGN AND PERFORMANCE 

Charles T. D'Aiutolo, Coordinator 

SUMMARY 

The NASA Micrometeoroid S a t e l l i t e  W l o r e r  M I 1  (1961 C h i )  w a s  developed 
t o  obtain a measure of the micrometeoroid penetration hazard t o  spacecraft by 
recording penetrations of t h i n  materials. I n  addition t o  providing engineering 
data on t h i s  problem, the  s a t e l l i t e  w a s  designed t o  measure the  space density 
of cosmic dust f o r  pa r t i c l e  masses of 3 x 10-7 grams o r  greater, 3 x grams 
or  greater, and 3 x 10-9 grams or  greater. Further, the s a t e l l i t e  w a s  designed 
t o  obtain data useful i n  the  design of solar-cel l  power supplies f o r  spacecraft. 

The Explorer MI1 w a s  launched due east  from the NASA Wallops Station, 
Wallops Island, Virginia on A u g u s t  8, 1961 at 18:29:44 hours and injected in to  
a near-earth orb i t  by means of a Scout launch vehicle. Due t o  a large 
injection-angle error, the o rb i t a l  l ifetime of the spacecraft w a s  only days. 

Despite the  very short l i f e  of the  Explorer XIII, several successful interroga- 
t ions  of t he  telemeter systems were made and s ignif icant  data w e r e  obtained on 
the  meteoroid environment. 

2 

The s a t e l l i t e  exposed three materials t o  the  meteoroid environment: 
beryllium copper from 0.001to 0.005 inch thick, type 304 s ta in less  s t e e l  0.003 
and 0.006 inch thick, and copper wire 0.002 and 0.003 inch i n  diameter. 

Several hundred micrometeoroid impacts were measured by the impact detec- 
t o r s  during the  useful l i f e  of the Explorer XIII; however, no penetrations w e r e  
recorded i n  any of the material samples. 

The s a t e l l i t e  instrumentation performed as expected with the  exception of 
the  cadmium-sulfide c e l l  detector which became inoperative during ascent. Tem- 
peratures measured on the  s a t e l l i t e  at various locations w e r e  generally higher 
than predicted which, as shown by the post-flight analysis, could be explained 
by aerodynamic heating during the low-perigee passages. 

This report includes a description of the spacecraft, experiments, and 
launch vehicle, as well as a discussion of flight data during ascent t o  orbit ,  
o rb i t a l  performance, and data acquisit ion and reduction. Telemeter and power- 
supply systems are  given extensive coverage and operational resu l t s  a re  pre- 
sented. The thermal design is  discussed and actual thermal-performance data 
i n  f l i g h t  are presented. A section is  devoted t o  subsystem, flight qualifica- 
tion, and flight-acceptance tes t ing.  Separate sections describe the a i m  and 
r e su l t s  of the  experiments, discuss the  design, development, construction, and 
performance of t he  apparatus used. 

1 



- . . .....-. 



CHAPTER I 

INTRODUCTION 

By Charles T. D'Aiutolo 
NASA Headquarters 

i 
One of the  hazards of the space environment i s  the  poss ib i l i ty  of damage 

t o  space vehicles by col l is ion with micrometeoroids. 
depends upon the  frequency, velocity, and mass of micrometeoroids i n  space as 
well as the  depth of penetration by a pa r t i c l e  impacting the space vehicle. 

A number of d i rec t  measurements on the meteoroid environment have been 

r measurements have established the  f lux ra tes  of meteoroids with small pene- 

The probabili ty of damage ! 
i 

I 
made by s a t e l l i t e s  and sounding rockets (see, fo r  example, r e f .  1-1). These 

trating capabi l i t ies  i n  spacecraft materials. Extensive ground observations of 
meteors by radar and photographic techniques have established the flux ra tes  of 
meteors (see re f .  1-2); however, the  ra te  of occurrence of meteors i s  such tha t  
the probability of col l is ion of the spacecraft with a sol id  pa r t i c l e  having the 
dimensions of meteor-producing par t ic les  i s  rather remote. 

i 

Hy-pervelocity impact investigations i n  the  laboratory have defined, i n  a 
preliminary manner, the  penetration physics and damage i n  various materials 
result ing from par t ic le  impacts simulating meteoroids (see, f o r  example, 
refs .  1-3 and 1-4). These experiments have two shortcomings: the  impact veloc- 
i t i e s  have been below minimum meteoroid velocit ies,  and pro jec t i le  masses have 
been several orders of magnitude greater than meteoroid masses l ike ly  t o  be 
encountered by a small spacecraft during a mission. 
obtained from a l l  these investigations indicates t ha t  meteoroids can present a 
serious hazard t o  spacecrd t .  
adequate f o r  use i n  designing ef f ic ien t  and re l iab le  space vehicles. 

A compilation of data 

However, the information available i s  f a r  from 

I n  order t o  provide a more accurate estimate of the probabili ty of penetra- 
t i o n  i n  spacecraft structures by meteoroids, a straightforward experiment i s  
required which w i l l  allow a d i rec t  measure of the  penetration hazard. 
basical ly  w a s  the approach taken by the micrometeoroid s a t e l l i t e .  

This 

The design objectives of the micrometeoroid s a t e l l i t e  w e r e :  

To obtain a d i rec t  measure of the  micrometeoroid penetration hazard i n  
s t ruc tura l  skin samples; 

To measure the  impact frequency of micrometeoroids having momenta i n  the 
range of 100 gm-cm/sec or  larger, 10-l gm-cm/sec or larger, and 

gm-cm/sec or  larger; 

To correlate  these measurements with data obtained frm other s a t e l l i t e  
and sounding rocket investigations; and 

3 
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To obtain data  useful  i n  the  design of so la r  c e l l s  f o r  spacecraft power 
supplies by a comparison of measurements obtained from protected and 
unprotected tes t  so la r  ce l l s .  

The satel l i te  w a s  a cooperative e f fo r t  between the  NASA Research Centers. 
Langley Research Center had the  respons ib i l i t i es  f o r  payload integrat ion as w e l l  
as t h e  overal lsystem. Langley and Lewis  Research Centers and the  Goddard Space 
Fl ight  Center designed and fabricated various types of penetration detectors, 
and Langley designed impact detectors.  Telemetry w a s  t he  responsibil i ty of 
Langley, while data acquisit ion w a s  accomplished by t h e  Minitrack Receiving 
Stat ion Network of t he  Goddard Space Fl ight  Center. The da ta  w e r e  reduced a t  
Langley and data  analysis w a s  made a t  the  cognizant research centers. 

The micrometeoroid satel l i te  w a s  launched on August 25, 1961 at 
18:29:44 hours due east from the  NASA Wallops Stat ion and injected i n t o  a near- 
ear th  orb i t  by means of a Scout vehicle. 
t h e  satel l i te  w a s  designated Explorer XIII. Due t o  an injection-angle e r ror  of 
t h e  Scout launch vehicle, t h e  satel l i te  w a s  placed i n t o  an orbi t  whose l i f e t i m e  
w a s  only about 2- days instead of t he  design l i f e t i m e  of at least 1 year. 

Although t h e  Explorer XI11 had a short  l i f e ,  s ignif icant  data were obtained on 
t h e  micrometeoroid environment. 

Upon completion of i t s  first orbit ,  

1 
2 

This report includes a description of t he  spacecraft, experiments, launch 
vehicle, as w e l l  as a discussion of f l i g h t  data  during ascent t o  orbit ,  o rb i t a l  
performance, and acquisit ion and reduction of data.  T e l e m e t e r  and power-supply 
systems are given extensive coverage i n  separate chapters wherein operation 
results a re  presented. Prelaunch thermal design studies and t e s t s  are discussed 
I n  another chapter and f l i g h t  thermal performance i s  presented f o r  comparison. 
I n  order t o  insure high r e l i ab i l i t y ,  t he  s a t e l l i t e  w a s  subjected t o  comprehen- 
s ive and rigorous t e s t ing  with respect t o  functions and environmental condi- 
t ions.  A chapter i s  devoted t o  subsystem, fl ight-qualification, and f l i gh t -  
acceptance testing. Test specifications as well as resu l t s  are presented. 
Since data  obtained from the  s a t e l l i t e  required rather  extensive reduction pro- 
cedures before analysis could be undertaken, data reduction i s  given extensive 
coverage. Each experiment i s  presented i n  a separate chapter which describes 
the  a i m s  of t h e  experiment, discusses the  design, construction, and performance 
of t he  apparatus used, and reports the  r e su l t s  of t h e  findings. 

Presented herein i s  the  description of and results from the i n i t i a l  S-55  
series of micrometeoroid s a t e l l i t e s .  ( A  detai led description of t h e  develop- 
ment of one of the  several  experiments on t h i s  i n i t i a l  s-55 s a t e l l i t e  and the  
conclusions drawn from t h e  satell i te 's  brief l ifetime i n  orb i t  i s  given i n  
ref. 1-5.) Subsequently, another S-55 satel l i te  w a s  successfully launched and 
injected i n t o  orb i t  and designated the  Explorer XVI. Preliminary resu l t s  from 
t h i s  satel l i te  are found i n  references 1-6 t o  1-9. 

4 
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CHAPTER I1 

SPACECRAFT 

By Charles T. D'Aiutolo 
NASA Headquarters 

I 1. SECTION I - DESCRIPTION 

c The micrometeoroid s a t e l l i t e  Explorer X I 1 1  w a s  the payload of Scout vehi- 

I ized cells, steel-covered grids, copper-wire cards, cadmium-sulfide cells, and 

'( 
,$ meteoroids. These experiments consisted of the  following detectors: pressur- 

i impact detectors. I n  addition, a ser ies  of temperature measurements were made 

cle  ST-6, and contained f ive  experiments t o  obtain information regarding micro- 

t 

at selected places throughout the sa t e l l i t e .  
t e s t  solar cel ls  t o  measure degradation of the cel ls .  

Voltage measurements were made on 

Configuration.- The s a t e l l i t e  w a s  cylindrical i n  shape; about 23 inches i n  
diameter and about 76 inches i n  length. 
craf t  i s  shown i n  figure 11-1, and exploded views are shown i n  figure 11-2. 
s a t e l l i t e  w a s  ins ta l led around the fourth stage of the Scout vehicle (X-248 
rocket motor). The Langley pressurized-cell experiment w a s  mounted around the 
periphery of the rocket motor; the Lewis steel-covered-grid experiment and the 
Goddard copper-wire-card experiment were located on the fourth-stage support 
structure. A she l l  w a s  mounted on the fore-end of the spacecraft just  forward 

The general arrangement of the space- 
The 

Figure 11-1.- General arrangement of Explorer XIII. 

SPIN MOTORS (4) 
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. E M E T E R  

Figure 11-2.- Exploded v i e w  of Explorer XTII. L-64-3017 
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of the  pressurized-cell experiment. 
antennas, the  solar  cells,  t he  cadmium-sulfide cells,  and "sounding boards" t o  
which were mounted impact detectors t o  determine col l is ions with micrometeor- 
oids. 
s a t e l l i t e  structure.  
were mounted the  telemeters and the radio beacon. 
were divided equally between the two telemeters. 
motor casing i s  used as a s t ruc tura l  member fo r  the  s a t e l l i t e  and thus went i n to  
orb i t  as par t  of the  s a t e l l i t e .  A cutaway drawing of the  s a t e l l i t e  i s  presented 
i n  figure 11-3 and shows the  instrumentation telemeters and mounting de ta i l s  of 
so la r  ce l l s  and experiments as w e l l  as other features.  A brief  description of 
the experiments follows. 
chapters and i n  reference 111-1. 

On t h i s  she l l  were mouyted the e r e c t i l e  

The "sounding boards" were acoustically isolated from the  r e s t  of the 
Within the she l l  and upon a thermally isolat ing bulkhead, 

Detectors from each experiment 
It should be noted tha t  the 

More detailed descriptions are presented i n  l a t e r  

Langley Pressurized-Cell Detector.- The Langley pressurized-cell detectors 
are  the primary sensors of the s a t e l l i t e  and occupy the major portion of the 
sensi t ive area. A t o t a l  of 160 ce l l s  of various thicknesses were mounted around 
the  periphery of t he  spacecraft i n  f ive  circular  rows. Each row contained 
32 ce l l s .  The c e l l s  were fabricated from beryllium-copper. Details of the 
pressurized-cell experiment a re  shown i n  figure 11-4 and discussed i n  more 
d e t a i l  i n  chapter I X .  Five different  thicknesses were incorporated: 0.001, 
0.0015, 0.002, 0.0025, and 0.005 inch. 
so tha t  a puncture by a micrometeoroid would allow the  helium t o  leak out. 
means of a pressure-activated switch located on each cel l ,  the  pressure loss  
could be detected and telemetered. Helium gas w a s  used i n  the ce l l s  and w a s  
pressurized t o  about 10 ps i  over atmospheric pressure s o  tha t  the  pressure 
switch would be closed on the  ground, thereby providing a check p r io r  t o  launch; 
the switch would open i f  the  pressure i n  the c e l l  dropped t o  about 5 ps i .  N o  
attempt w a s  m a d e  t o  monitor pressure leak rate. The penetration area of each 
detector i s  about a . 8  sq  in .  (140 cm2) so tha t  24.2 sq f t  (2.25 m2) of area 
were exposed f o r  t h i s  experiment. However, because of the semicircular cross 
section of the  pressurized c e l l s  (see f ig .  11-4) the  effect ive area f o r  micro- 
meteoroid capture w a s  smaller than the exposed area. This effect ive area w a s  
considered t o  be R times the  diameter of the outer surface (23 inches, see 
f i g .  11-1), multiplied by the  detector sensing length of the column of f ive  
detectors (35.6 inches) with a correction f o r  the open area between detectors. 
This def ini t ion of area gives a t o t a l  value of 17 square f e e t  (1.58 square 
meters). 

The ce l l s  were pressurized with helium 
By 

0.58 
.40 
.20 
.20 
.20 

J 

Shown i n  the  following tab le  are the number of beryllium-copper ce l l s  of 
each thickness as well as the  exposed area of each thickness: 

0.0010 
.0015 
.0020 
0025 . ow0 

Number 
of ce l l s  I Thiic?=sJ 

60 
40 
20 
20 
20 

I Total exposed area 
i r  

sq  f t  

6.350 
4.250 
2.125 
2.125 
2.125 
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Figure 11-3.- Cutaway view of the micrometeoroid sa te l l i t e .  



Lewis Steel-Covered-Grid Detectors.- The L e w i s  steel-covered-grid detectors 

Each detector consisted of a printed c i r cu i t  about 
were uni t s  developed by the  Lewis Research Center. 
i s  presented i n  figure 11-5. 
60 microinches thick attached t o  0.00025-inch-thick insulation. 
w a s  mounted on the  underside of type 304 stainless-s teel  skin samples. 
samples were 0.003 and 0.006 inch thick. 
whose sides a re  4.57 inches long. 
to rs .  The thicknesses and areas are l i s t e d  i n  the  following table: 

A d r a w i n g  of t h i s  detector 

This c i rcu i t  
The 

Each sample i s  an equi la teral  t r iangle  
The s a t e l l i t e  incorporated 60 of these detec- 

Thi ckne s s, 
in.  

0.003 
.006 

- 

Number of Total exposed area i n  - 
- sq m 

50 3.00 0.28 
10 9 75 07 

sensors sq f t  

A detailed description of t h i s  experiment i s  given i n  reference 11-1. 

Goddard Copper-Wire-Card Detectors.- These copper-wire-card detectors were 
developed by the Goddard Space Flight. Center and were similar t o  the detectors 
flown on the Explorer I as well as other s a t e l l i t e s .  A drawing of the  

PINCH OFF TUBE 

TYP. 

\ \A MATERIAL-BERYLLIUM COPPER 

( "  
M I C R O  SWITCH 

Figure 11-4.- Pressurized-cell detector. 
All dimensions in inches. 

0.031 ALL AROUND 

2 

STAINLESS- 
STEEL COVER 

/-, 
3 OR .h76 THK . STAINLESS- 

.001 THK. MYLAR INSULATOR 
STEEL-COVER PANELS 

.000060 THK. GOLD GRID 
.032 THK . SILICONE RUBBER 

Figure 11-5.- Steel-covered-grid detector. 
All dimensions in inches. 
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copper-wire-card detector i s  shown i n  figure 11-6 and i s  discussed i n  d e t a i l  i n  
chapter X. Each detector consisted of a winding of f ine  wire mounted t o  a card 

T7-m .032 THK. MELAMINE N LAMINATE 

I 

300 
RESISTOR 

.002 OR .003 ENAMELED 
COPPER WIRE WINDING 

COPPER TERMINAL 

21 TE 5 100- 
THERM I STOR 

Figure 11-6.- Copper-wire-card detector. A l l  dimensions i n  inches. 

rectangular i n  shape whose dimensions were 1.45 by 7.00 inches. 
incorporated two wire s izes  of 0.002- and 0.003-inch diameter. Thicknesses and 
areas are shown i n  the following table:  

This experiment 

Thickness, 
i n .  

0.002 
.003 

Total exposed area i n  - 
Number of 1. ~ 

1 

0.98 1 0.09 1 
l4 32 1 2.27 .21 

Goddard Cadmium-Sulfide Cells.- The cadmium-sulfide-cell detectors were 
also developed by the  Goddard Space Flight Center. A drawing of t h i s  detector 
i s  shown i n  figure 11-7 and discussed i n  d e t a i l  i n  chapter XI. Basically, t he  
detector consisted of a Cd-S c e l l  mounted i n  an aluminum-coated glass  f lask .  
The exposed surface, whose diameter w a s  about 2.6 inches (6.1 cm) (actual  useful 
diameter about 2.00 inches (3 .08  cm)), w a s  covered with a sheet of O.OOO25-inch 
f i l m  coated with evaporated aluminum on both sides.  
could penetrate the aluminized f i l m  and allow l i g h t  t o  enter the ce l l .  
geometry of the f l a sk  w a s  designed t o  focus the  l i g h t  onto the Cd-S cell; the 
c e l l  resistance changed as a function of illumination. Two of these uni t s  were 
incorporated on the spacecraft, and were mounted i n  the forward shell, 180° 
apart. (See f ig .  11-1.) 

Extremely small par t ic les  
The 
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Langley Impact _______ Detectors .- The impact detectors were a Langley experiment 
and three levels of sensi t ivi ty  were employed. Two acoustically isolated - .  

"sounding boards" on the forward she l l  were used for  the highest and lowest 
levels, and twenty 0.005-inch pressurized ce l l s  were instrumented with trans- 
ducers f o r  the intermediate sensi t ivi ty  level.  
drawings of the impact detectors on the sounding boards and pressurized cel ls .  
This experiment i s  discussed i n  more de t a i l  i n  chapter XLI. 
l is ts  the area and design sens i t iv i t ies  of the  impact detectors. 

Figures 11-8 and 11-9 are 

The following table 

Component I 
Sounding boards 

0. O@-inch pres- 
surized ce l l s  

Total exposed area i n  - I Design 

sq f t  

1.53 
2.30 

ALUMINIZED 

BLACK PAINTED 
O N  OUTSIDE 

Figure 11-7.- Cadmium-sulfide cell detec- 
tor. All dimensions in inches. 

71 sensitivity, 
dyne- sec 

0.14 

.2l 

1 
.01 
.1 

{ 

Detector Correlation.- From the 
preceding discussion of the various 
penetration and impact experiments, it 
may be seen tha t  each of the detectors 
complemented each other, thereby 
allowing a correlation t o  be made 
between the  individual detectors. 

The t o t a l  exposed area of a l l  pen- 
e t ra t ion and impact detectors on the 
Explorer XLII w a s  about an order of 
magnitude greater than other micro- 
meteoroid experiments flown on ea r l i e r  
s a t e l l i t e s .  

Silicon Solar Cells.- These detec- 
t o r s  were planned t o  determine the 
h v e r s e  effkcts of space environments 
on the s i l icon solar cells.  There were 
f ive  groups of f ive  shingled solar cells; 
one group had 0.062 inch of fused s i l i c a  
mounted 0.062 inch above the cells, two 
groups had 0.006 inch of glass bonded 
direct ly  t o  the  solar cel ls  with an 
epoxy cement, and the remaining two 
groups were unprotected. Three of the 
test  solar c e l l  groups were mounted t o  
the front face of the forward shell .  
The remaining two test  solar c e l l  groups 
were mounted 180° apart on the cylindri- 
c a l  section of the forward shell .  

14 



PIEZOELECTRIC CRYSTAL 

.005 RADIATION SHIELD 

Figure 11-8.- Sounding-board impact detectors. All dimensions in inches. 

SKIN 

Sketches of the  solar  c e l l  groups are  shown i n  figures 11-10 and 11-11. 
description of t h i s  experiment appears i n  chapter V, section V. 

Further 

S a t e l l i t e  Weight Breakdown.- The weight breakdown of the micrometeoroid 
s a t e l l i t e  i s  shown i n  tab le  11-1. Total payload weight including experiments, 
mounting hardware, telemeters, and support s t ructure  w a s  127.35 pounds. Weight 
of spent fourth-stage motor, spent spin rockets, as well as the upper "D" sec- 
t i o n  of the Scout vehicle w a s  62.53 pounds so tha t  the  t o t a l  weight i n  orb i t  w a s  
189.88 pounds. 

SECTION I1 - LcluNCH OPERATIONS 

General Description of Launch Vehicle.- As stated i n  the previous section, 
the  micrometeoroid s a t e l l i t e  was the payload of Scout ST-6. O n l y  a brief  
descrfption of t he  Scout w i l l  be presented herein. 

The Scout i s  a smal l  launch vehicle capable of being used as a high- 
a l t i t ude  probe, a reentry vehicle, o r  as a s a t e l l i t e  launching vehicle. A gen- 
eral arrangement drawing of Scout, showing staging, i s  presented i n  figure 11-12. 
The Scout i s  a four-stage, solid-propellant, rocket vehicle using a preprogramed 
control system f o r  guidance. The first and second stages a re  steel-walled 
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PRESSURIZED CELL 
W O W I N G  LOCATION 
OF PIEZOELECTRIC I DETECTOR 

CANTILEVER SPRING 
HOLDING CUP 

ELECTRICAL <lml- LEAD ZIRCONATE TITANATE 

w PlEZOELECTRlC ELEMENT CONTACT - QUARTZ TRANSFER DISC 

- WCITE POSITIONING RING 

Figure 11-9.- Impact detector mounted on 
pressurized ce l l s .  All dimensions i n  
inches. 

vessels  and t h e  t h i r d  and fourth stages 
a re  of fiber-glass construction. Heat- 
shield-drag f a i r ings  were placed around 
t h e  third-stage rocket motor, t he  fourth 
stage, and the  payload i n  order t o  pro- 
t e c t  these un i t s  during f l i g h t  within 
the  dense par t  of t h e  atmosphere. 
dynamic t i p  controls and j e t  vane con- 
t r o l s  are  used f o r  a t t i t ude  control of 
t he  f i rs t  stage and E202 control j e t s  
are  used on the  second and t h i r d  stages 
f o r  a t t i t ude  control as the  f l i g h t  pro- 
gresses. 
t r o l l e d  up t o  fourth-stage igni t ion and 
i s  spin s tab i l ized  through fourth-stage 
burning. 

Aero- 

The vehicle i s  a t t i t ude  con- 

Pref l ight  Operations.- After envi- 
ronmental t es t s ,  calibrations,  and f i n a l  
checkouts as described i n  l a t e r  chapters 
of t h i s  paper, t he  micrometeoroid sa te l -  
l i t e  as well  as the  prototype s a t e l l i t e  
was shipped t o  t h e  Wallops Stat ion f o r  
launch preparations. The prototype 
s a t e l l i t e  w a s  used f o r  f i t t i n g  checks as 
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TEST GROUP O F  5 SILICON 
SOLAR CELLS 

.062 FUSED SILICA GLASS 

FEED THRU 

Figure 11-10.- Single solar-cell  t e s t  unit. 
A l l  dimensions i n  inches. 

TEST GROUP OF 5 SILICON SOLAR CELLS 
WITH .W6 THK. GLASS PROTECTIVE COVERING f 

, (  ’ --I *55 I- 

MAC2bl;5lUM 

FEED THRU TERMINAL (4) 

TEST GROUP OF 5 SILICON SOLAR CELLS 
WITH NO PROTECTIVE COVERING 

Figure 11-11.- Double solar-cell  t e s t  unit. 
A l l  dimensions i n  inches. 



Figure 11-12.- General arrangement of Scout vehicle. All dimensions in inches. 

w e l l  as vehicle systems checks before the  vehicle w a s  assembled on the launch 
tower. A photograph of a vehicle-system check i s  shown i n  figure 11-13. 

Upon a r r i v a l  at  the  launch f ac i l i t y ,  t he  micrometeoroid s a t e l l i t e  underwent 
a performance check t o  ascertain tha t  no damage occurred i n  shipment. 
t e r  of gravity of the  payload with a spent fourth-stage rocket motor and a 
fourth-stage support s t ructure  attached w a s  then determined ( f ig .  11-14) so tha t  
f inal  vehicle ascent character is t ics  could be ascertained. Next, the s a t e l l i t e  
w a s  disassembled, moved t o  an explosion-proof room, and assembled around a l i v e  
fourth-stage rocket motor. 
live fourth-stage motor with fourth-stage support structure attached were dynam- 

The cen- 

Alinement checks were m a d e  and the  payload and the  

i c a l l y  balanced ( f ig .  11-15) t o  insure 
t rue  spinning during fourth-stage 
burning. After dynamic balancing and 
extensive instrument checks and inspec- 
tions, the s a t e l l i t e  w a s  placed within 

L-64-3077 L-64-3078 
Figure 11-13.- Spacecraft-vehicle systems Figure 11-14.- Spacecraft center-of-gravity 

checks. determination. 



L- 64- 3079 
Figure 11-15.'- Dynamic balancing of 

spacecraft. 

the  fourth- stage payload heat shield 
( f igs .  11-16( a)  and 11-16( b )  ) and 
transported t o  the  launch tower. A t  
the tower, the fourth stage with pay- 
load attached and with heat shield i n  
place w a s  elevated ( f ig .  11-17) and 
mated t o  the  first three stages of the 

L-64-3080 
(a) Within one-half ol' heat shield. 

Figure 11-16.- Spacecraft within Scout 
fourth-stage heat shield.  

Scout launch vehicle ( f ig .  IT-18). Prior  t o  launch, the  s a t e l l i t e  underwent a 
ser ies  of t e s t s  and checks including e l ec t r i ca l  t e s t s ,  mutual interference 
checks between vehicle and payload, and payload f i n a l  performance checks as 
w e l l  as payload calibrations before the start of the  launch countdown. 
launch reference measurements were made on a l l  eqeriments during the countdown 
jus t  pr ior  t o  l i f t - o f f .  I n  l i eu  of a backup micrometeoroid s a t e l l i t e  payload, 
backup components were available at the launch s i t e  i n  the  event of a payload 
fa i lure .  
since the fourth-stage motor i s  contained within the  payload and only one 
fourth-stage motor w a s  immediately available f o r  the  Scout ST-6 launch. 
addition, the  replacement of the payload with a complete backup payload would 
require several days, thus delaying the launch and increasing the cost of the 
launch operations. 

Pre- 

It w a s  not prac t ica l  t o  have available a complete backup payload 

In 
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- Launch Operations.- Near the end of 
the launch countdown the  vehicle w a s  
positioned f o r  launch ( f i g .  11-19). A t  
the  end of the launch countdown the  first 
stage was ignited at 18:@:44 hours and 
the  Scout vehicle rose from i ts  launch 
tower ( f ig .  11-20) with the guidance and 
control system programed t o  f l y  the  pre- 
scribed ascent trajectory.  After first- 
stage burnout at an a l t i tude  of about 
55,000 feet,  the  vehicle coasted t o  about 
l 3 0 , O O O  f e e t  with first stage attached i n  
order t o  provide aerodynamic s t a b i l i t y  
and t o  minimize aerodynamic heating loads. 
A t  about l 3 0 , O O O  feet ,  the  second stage 
w a s  ignited and separated from the f irst  
stage.  Second-stage burnout occurred at  
an a l t i t ude  of about 260,000' f e e t  and 
the  drag-fairing heat shield around the  
third-stage rocket motor w a s  jettisoned. 
The second stage with upper stages 
coasted t o  about 350,000 f e e t  where 
third-stage igni t ion took place, and the 
second stage w a s  separated. A t  th i rd-  
stage ignition, the fourth-stage payload 
drag-fairing heat shield w a s  jet t isoned. 
It w a s  not possible t o  j e t t i son  the 
fourth-stage payload heat shield below 
350,000 fee t  since calculations indicated 
tha t  aerodynamic heating might be ser i -  
ously detrimental t o  experiments onboard 
the spacecraft. When the  fourth-stage 
payload heat shield jettisoned, the  
spacecraft antennas erected. The fourth 

I y 

L-64-3081 
(b) Completely contained within heat shield. 

Figure 11-16.- Concluded. 

stage and the burnt-out th i rd  stage with i t s  control and guidance system s t i l l  
operating coasted t o  the  apogee of the ascent t ra jectory.  The stages were 
d i n e d  t o  about 0.13' with the loca l  horizon; the fourth stage was spun up t o  
about l9O rpm by spin rockets, ignited, and b las t  separated from the  th i rd  stage. 
The velocity increment gained during fourth-stage burning was suff ic ient  t o  
place the  spacecraft i n to  orbi t .  
pertinent events i s  shown i n  tab le  11-2. 

A sequence of events from launch showing 

SECTCON I11 - ASCENT PERFORMANCE 

Preliminary analysis of telemetry and tracking rad= data  immediately after 
launch indicated nominal performance up t o  fourth-stage igni t ion and tha t  the 
ascent t ra jectory w a s  very close t o  the predicted trajectory.  
not possible t o  determine the  injection point exactly since radar data obtained 
beyond fourth-stage igni t ion were questionable and f l i gh t  records w e r e  not 
obtained beyond fourth-stage igni t ion since the launch vehicle telemetry systems 

However, it w a s  
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L-64-3082 
Figure 11-17.- Spacecraft (within fourth- 

stage heat shield) being elevated fo r  
assembly with launch vehicle. 

L-64-3083 
Figure 11-18. - Spacecraft 

(within fourth-stage 
heat shield) assembled 
t o  launch vehicle. 

were located i n  the th i rd  stage. On 
t h i s  basis inject ion conditions were 
derived from subsequent Minitrack data 
on spacecraft position, extrapolated 
backward t o  the  inject ion point. 

I n  order t o  obtain a comparison of the actual ascent t ra jectory w i t h  the  
predicted, and with a calculation based on actual  rocket performance, it w a s  
necessary t o  perform a postfl ight t ra jectory calculation on a d i g i t a l  computer 
by using the  first- and second-stage motor performance based on accelerometer 
data and nominal third-stage data  i n  place of motor performance obtained from 
f l i g h t  records since a cursory analysis of a l l  f l i gh t  data indicated that the 
performance data f o r  the third-stage motor, derived from accelerometers, w a s  i n  
error.  Fourth-stage nominal performance w a s  used i n  t h i s  calculation. 

A comparison of the actual ascent t ra jectory as determined by radar w i t h  
pref l ight  as w e l l  as postfl ight calculations i s  presented i n  figure 11-21. 
i s  seen tha t  the postfl ight calculation agrees w e l l  with the radar data  through 

It 
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L-64-3084 
Figure 11-19.- Vehi- 

cle in launch 
attitude. 

fourth-stage ignit ion.  A s  
stated previously, Minitrack 
data  were used t o  determine 
injection. The difference i n  
inject ion a l t i tude  as shown by 
the  pref l ight  and postf l i#t  
calculations w a s  about 6 nau- 
t i c a l  miles. 

A comparison of the  
actual  ground t rack with the 

tha t  the  vehicle followed the 
predicted path within about 
1’. This comparison is  shown 
i n  figure 11-22. 

predicted t ra j ect  ory indicates jE-, 
-. 3- 
7 

An analysis of the  t e l e m -  
etered pitch-rate gyroscope L-64-3085 output w a s  undertaken t o  
determine whether the  pi tch 
a t t i t ude  of the vehicle varied 
as programed with time along the  t ra jectory.  
analysis indicated tha t  the pi tch r a t e  did not go t o  
zero at T + 222 seconds as programed, but continued 
at a negative ra te  of approximately 0.04 deg/sec. This 
mount of d r i f t  resulted i n  an a t t i tude  error  of -11.1~ 
at fourth-stage ignit ion.  
t h i s  pi tch program resulted i n  an inject ion a l t i t ude  of 
246.05 nautical  miles and a fl ight-path angle of -4.396O. 
These values are i n  close agreement with the values 

Figure 11-20.- Launching 
of spacecraft. 

This 

A t ra jec tory  computed with 

derived from Minitrack data. 
by pref l ight  as well as postf l ight  calculations and derived from Minitrack data 
are  presented i n  tab le  11-3 (see re f .  11-2). 

A comparison of inject ion conditions as determined 

SECTION I V  - ORBITAL PERFORMA.NCE 

A s  indicated i n  the  previous section, a preliminary analysis of the  f l i g h t  
data indicates t ha t  the  actual  vehicle t ra jectory appeared t o  be very close t o  
the  predicted t ra jectory.  Indications were tha t  a sat isfactory orb i t  had been 
achieved. However, postf l ight  calculations of o rb i t a l  parameters based on 
Minitrack data  revealed t h a t  the desired orb i t  w a s  not achieved. Due t o  the 
previously mentioned fl ight-path error, the  perigee w a s  about 61 nautical  miles, 
and the  sa t e l l i t e ,  designated m l o r e r  MII, remained i n  orb i t  approximately 
21- days instead of the  predicted m i n i ”  of 1 year. 
2 

A comparison of the  predicted orb i ta l  parameters with those obtained from 
Minitrack data i s  shown i n  t ab le  11-4. 
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Figure 11-21.- Ascent t ra jectory prof i le .  

SECTION V - DATA ACQUISITION 

Data acquisit ion from the  Explorer XI11 w a s  the  responsibil i ty of t he  
Goddard Space Flight Center, and the  Minitrack Receiving Station Network had 
the  specif ic  responsibi l i t ies  f o r  acquiring the  telemetered data. Data were 
received and recorded by the  following stations:  

Ant of agas t a, Chile 
Blossom Point, Maryland 
Fort  Myers, Florida 
E a s t  Grand Forks, Minnesota 
Johannesburg, South Africa 

Lima, Peru 
San Diego, California 
Woomera, Australia 
Quito, Ecuador 
Santiago, Chile 

Acquisition of the  data w a s  accomplished i n  the  following manner: During 
each period when data acquisit ion w a s  required, t h e  designated telemetry s ta t ion  
commanded the  data read-out from the  Explorer XIII. 
l i t e  did not achieve the  predicted orbit ,  t he  two telemeters were commanded 
whenever possible. 

Actually, since the  satel- 

Upon a successful interrogation, t he  signals from the  two 



Figure 11-22. - Ground track during ascent. 

s a t e l l i t e  telemeters were acquired by a circularly-polarized 136-DC antenna and 
fed from a pole-mounted preamplifier t o  a hybrid power divider. 
from the power divider were then separately fed t o  two telemetry receivers, 
tuned t o  136.860 mc and 136.200 mc, respectively. 
demodulated i n  the receivers, with the detected outputs fed from t h e i r  respec- 
t i v e  video amplifiers t o  a seven-channel tape recorder. A t  the same time tha t  
the  detected signals were being recorded, the AGC (automatic gain control) l eve l  
from one receiver, a 10-kc reference signal, and the Minitrack time code were 
also recorded. 

The outputs 

The signals were amplitude 

Presented i n  table  11-5 i s  a l i s t i n g  of the  telemetry acquisitions made 
from the Explorer XI11 from which data  were obtained. 
were unsuccessful. The f a i l u r e  t o  receive data during several passes can be 
at t r ibuted t o  the rapidly decaying orbi t  and not knowing exactly when the 
s a t e l l i t e  would be i n  posit ion t o  be interrogated. 

Several interrogations 

I n  addition t o  telemetry data acquisition, the Minitrack Network w a s  
responsible f o r  s a t e l l i t e  tracking. 
of the Explorer a11 were made. 

A t o t a l  of 105 beacon signal acquisitions 
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The telemetry data received w e r e  recorded on magnetic tapes and these 
tapes were forwarded d i rec t ly  from the receiving s ta t ion  t o  the Langley Research 
Center f o r  data reduction. 

The telemeter receiving s ta t ion  s e t  up at  the  launch s i t e  f o r  f i n a l  check- 
outs w a s  a lso used t o  receive signals from the s a t e l l i t e  during the first few 
orbi ts .  Although the s a t e l l i t e  w a s  not commanded from Wallops, the radio beacon 
w a s  monitored. When either Blossom Point or Fort Myers did transmit command 
signals, the  data were received and recorded at Wallops. 
receiving s ta t ion  at Wallops is  shown i n  f igure 11-23. I n  addition t o  an auto- 
matic tracking antenna, a manually operated antenna w a s  used. 

A photograph of the 

A 

1 , .  . 

.. . . 

Figure 11-23.- Wallops Island telemeter receiving s ta t ion.  L-64-3086 
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TABLE: 11-1.- SATELLITE WEIGHT BREAKDOWN 

. . . . . . . . . . . . . . . . . . . . . . . .  Spent rocket motor 

Spent spin motors . . . . . . . . . . . . . . . . . . . . . . . . .  

Component i 
Forward shell :  including sounding boards, power so la r -ce l l  

trays, t e s t  solar- c e l l  trays,  heat-transfer ring, antennas, 
Cd-S c e l l  experiment, mounting hardware, and wiring . . . . . . .  

Bulkhead assembly: 

Pressurized-cell detector: 

including two @-channel telemeters, 
plugs, and wiring . . . . . . . . . . . . . . . . . . . . . . . .  

including 160 ce l l s  at 0.137 lb 
each, mounting hardware, plugs, and wiring . . . . . . . . . . .  

Copper-wire-card detector: including mounting hardware . . . . . .  
Steel-covered-grid detector: including mounting hardware . . . . .  
Payload support . . . . . . . . . . . . . . . . . . . . . . . . . .  
Heat-shield bumper ring and balance weights . . . . . . . . . . . .  

Total payload . . . . . . . . . . . . . . . . . . . . . . . . .  
- 

i 
47.85 
1.52 

- 

Weight, 1 

27 90 

33 - 93 

47.98 
4.78 
6.50 
4.37 
1.89 

127 35 

kpper I'D" section . . . . . . . . . . . . . . . . . . . . . . . . .  
Total s a t e l l i t e  . . . . . . . . . . . . . . . . . . . . . . . .  1- 

13.16 

189.88 
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TABLE 11-2.- SEQUENCE OF EVENTS 

I 1 Time, sec Event 

0.00 
42.04 
74.16 

116.96 

135 71 

172. u- 
482.19 
484.04 

525.41 

First-stage ignit ion.  
First-stage burnout. 
Second-stage ignition; first- 

stage separation. 
Second-stage burnout; third- 

stage rocket-motor fa i r ing  
separation. 

Third-stage ignition; second- 
stage separation; fourth- 
stage fa i r ing  separation; 
antennas erected. 

Third-stage burnout. 
Fourth-stage spinup. 
Fourth- stage ignition; third- 

stage separation. 
Fourth-stage burnout. 

Injection in to  orb i t .  
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TABLE 11-3.- COMPARISON OF INJECTION CONDITIONS 

244.84 
25,53 9.5 

-0.013 
103.388 
35 739 

Injection condition 

246.05 
25,260.4 

-4.396 
103.554 ! 35 637 

Altitude. nautical  miles . . . . . . .  
I n e r t i d  velocity. f t / sec  . . . . . .  
Flight-path angle. deg . . . . . . . .  
I n e r t i a l  heading. deg . . . . . . . .  
Latitude. deg . . . . . . . . . . . .  
- 

Minitrack 
data  

246.466 
25,381.1 

-3 987 

35 0885 
102.352 

Preflight Adjusted 

TABLE 11-4.- COMPARISON OF OfiBITAL PARAMETERS 

I I 
Parameter 

Apogee altitude. nautical  miles . . . . . . . . .  
Orbital period. min . . . . . . . . . . . . . . .  
Eccentricity . . . . . . . . . . . . . . . . . .  
Inclination. deg . . . . . . . . . . . . . . . .  
Argument of perigee. deg . . . . . . . . . . . .  

Perigee altitude. nautical  miles . . . . . . . .  

Minitrack data Predicted l-4 
619.4 
60.93 

97.247 
0.073786 

37.68 
180.9 

529.2 
244.4 

99.061 
0.037132 

37.68 
108.35 
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TABLE 11-5.- ORBITAL TELFMWRY HISTORY 

4 

I 
. . ._ m I 

- - .I . I 

Launch 25/18 : 29 : 44 Blossom Point 122A001 
1 25/20: u: 45 Grand Forks 122N001 
1 25/20: u: 45 Blossom Point  122A002 
1 25/20: 17: 14 Blossom Point 122A002 
2 25/21: 59: 40 For t  Myers 122D001 
7 26/06: 34: 00 Santiago 122J-001 
8 26/08 : 32: 15 Santiago 122J001 
9 26/10: 02: 40 Ant of agast  a 1228001 
9 26/10: 02: 40 A d o f  agasta 1228001 
10 26/u: 46: 00 Quito 122F001 
10 26/11 : 55 : 00 Qui to  122F001 
13 26/15:13:30 For t  Myers 122D001 
13 26/15 : 15: 02 For t  Myers 122D001 
13 26/15:13:30 Blossom Point  122~003 
13 26/15 : 15 : 02 Blossom Point  122~003 
14 26/16:58: 06 Blossom Point 122A004 

14 26/16: 58 : 06 For t  mrs 122D002 
14 26/16:9:06 For t  Myers 122D002 
15 26/18: 40: 57 For t  Myers 122D002 
15 26/18: 40: 57 For t  Myers 122D002 

20 27/03 : 03 : 00 Santiago 122J-002 
21 27/04: 45 : 56 Santiago 1225003 
21 27/d+: 45: 56 Santiago 1225003 
22 27/06: 21: 30 Santiago 1225003 
22 27/06: 21: 30 Santiago 1225003 
23 27/08 : 03: 14 Antof agas t  a 122H001 
23 27/08: 0314 Antofagasta 1228001 
25 27/ll: 15 : 40 Lima 12x01 
27 27/14 : 03 : 00 Woomera 122-1 
28 27/15 : 42: 15 Woomera 122-1 
28 27/15: 42: 15 Woomera 122-1 
35 28/02: 00: 03 Ant of agast a 122H001 
35 28/02: 00: 03 Ant of agast a 1228001 

14 26/16: 58: 06 Blossom Point  122A004 

20 27/03: 03: 00 Santiago 1225002 

Antof agasta 1228001 
- 

28/08: 46: 00 
_ .  

40 

9 

I Minitrack 
s t a t i o n  

Orbit D a t  e/Time 

None 
B 
B 
A 

None 
None 
None 

A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 

None 
None 

A 
B 
A 
B 
B 

___. 

D a t a -  
reduct ion 
process  

None 
Aut omat i c 
Aut omat i c 
Manual* 
None 
None 
None 
MaIlual 
Manual 
Manual 
M a n U a l  
Aut omat i c 
Aut omat i c 
Aut omat i c 
Aut omat i c 
Aut omat i c 
Aut omat i c 
Aut omat i c 
Aut omat i c 
Aut omat i c 
Automatic 
Manual 
None 
Aut omat i c 
Aut omat i c 
Aut omat i c 
Aut omat i c 
Automatic 
Aut omat i c 
None 
None 
Aut omat i c 
Aut omat i c 
Manual= 
Manual: 
Manual 

design limits as a result of 
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CHAPTER I11 

MECHANICAL DESIGN AND INTEGRATION 

By Hugh C. Halliday 
Langley Research Center 

SECTION I - INTROWCMON 

The Explorer XI1 spacecraft w a s  designed t o  provide a sui table  car r ie r  f o r  
detectors selected t o  investigate the micrometeoroid hazard i n  space. The 
spacecraft ( f ig .  111-1) i s  made up of the  payload, ABL X248-A5 rocket-motor 
case, and the  Scout fourth-stage structure.  The design r e s t r a in t s  placed on the  
payload by the  launch vehicle were mainly upper limits as t o  weight and avail- 
able space. 

The f i n a l  shape of the  spacecraft w a s  dictated, t o  a large extent, by the  
mission requirements and Scout fourth-stage configuration. During launch the 
vehicle subjects the payload t o  high s t a t i c ,  dynamic, and centrifugal s t resses  
which essent ia l ly  determine the s t ruc tura l  design requirements. These environ- 
mental conditions are as outlined i n  chapter V I I ,  section I1 (see the section 
en t i t l ed  "Ehvironmental Test Specifications" f o r  the vibration and shock speci- 
f icat ions and the  section en t i t l ed  "Prototype Environmental T e s t  Program" f o r  
t he  acceleration and spin specifications).  
vehicle necessitated an extremely light-weight design. 
of weight required f o r  dynamic balancing, the payload w a s  designed as symmetri- 
cal ly  as possible about i t s  spin axis. 

The limited w e i g h t  capabili ty of the  
To minimize the amount 

SECTION I1 - DESIGN DETAILS 

A drawing of Explorer =I1 i s  shown i n  figure 111-1 and an exploded view i n  
figure 11-2; a request form f o r  an enlarged copy of t h i s  f igure i s  included at  
the back of t h i s  report. 
X248-A5 rocket motor and fourth-stage Scout structure.  The forward shell ,  
telemeter-bulkhead, vehicle heat-shield bumper ring, and pressurized-cell- 
mounting-structure assemblies were attached t o  the payload adaptor which w a s  
bolted t o  the  forward thrus t  face of the  motor. The stainless-steel-grid- 
detector assembly and copper-wire-card-detector quadrants w e r e  mounted around 
the fourth-stage structure and attached t o  the  sensor mounting ring. The aft 
end of the detector quadrants w e r e  restrained by the quadrant retaining ring 
and by leaf  springs. 

Tbe payload ( f ig .  111-1) w a s  mounted around the ABL 

The forward she l l  ( f igs .  111-1 and 111-2) w a s  an 0.031-inch-thick 
410 s ta inless-s teel  fabrication. Mounted on it were power and t e s t  solar-cel l  
trays, a heat-transfer band, impact detectors, cadmium-sulfide (CdS) c e l l  
detectors, and antennas ( f ig .  111-1). The heat-transfer band w a s  made of 
llOO-Hl4 aluminum and w a s  0.10 inch thick and 5 inches wide. Mylar st r ips ,  
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0.003 inch thick, were used t o  insulate t h i s  band from the forward shel l .  
.eight power solar  ce l l s  and two t e s t  solar  ce l l s  were mounted on t h i s  band 
which w a s  secured t o  the forward she l l  with metal-reinforced p las t ic  screws. 
The antennas were made from 6 0 6 ~ ~ 6  aluminum-alloy tubing, spring loaded so tha t  
they would erect a f t e r  the fourth-stage heat shield w a s  jettisoned. 

The 

The radio-beacon battery boxes, umbilical plug, power change-over relay, 
forward shell, telemeter stacks, and bulkhead s t i f fener  were attached t o  an 
0.25-inch-thick fiber-glass bulkhead (f ig .  111-1). The bulkhead stiffener,  a 
magnesium fabrication, w a s  required t o  provide additional support fo r  the telem- 
eters.  The beacon battery boxes were made of glass cloth and polyester resin. 

The telemeter bases (figs.  111-1 and 11-2) were machined from mild s t ee l  
bar stock; a f t e r  machining, the inside surfaces were s i lver  plated t o  prevent 
rusting. Hermetically sealed connectors were then soldered i n  place and leak 
checked with a helium leak detector. 
11-2) were machined from 2024-T4 aluminum-alloy bar stock. 

The telemeter canisters ( f igs .  111-1 and 

The payload adaptor w a s  an AZ3l.B magnesium welded structure machined t o  
f i t  the rocket-motor case and receive the pressurized-cell-detector mounting 
structure, bumper ring, bulkhead stiffener,  and bulkhead ( f ig .  111-1). 
pressurized-cell-detector mounting structure w a s  a fabrication having forward 
and aft rings machined from AZ31B magnesium plate.  The rings were riveted t o  
an 0.016-inch-thick 2024-T3 aluminum-alloy cylinder. This cylinder had 

The 
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Comer-wire-card 

Rocket-motor thrust face 

- -  
detector (46) 

detector (60) Copper-wire-card Fourth-stage structure 
(upper transition 1 ~ ~ ~ ~ )  

Stainless-steel-grid 

\ connector (4) 

(lower transition "D") 

32 longitudinal corrugations which served as s t i f feners  and also as wiring chan- 
nels. Holes were dr i l led i n  the  sides of the channels and press-f i t  tef lon 
insulated feed-through terminals inserted. The terminals were positioned as 
required by the pressurized-cell detectors; short jumper leads connected the 
outer ends of these terminals with the pressurized-cell-detector switch, while 
leads connected t o  the  ends inside the wiring channels terminated i n  connectors 
t h a t  mated w i t h  hermetically sealed connectors i n  the telemeter bases. 
nectors f o r  t he  stainless-steel-covered-grid and copper-wire-card-detector 
assemblies were mounted on the  aft ring of the pressurized-cell-detector 
mounting structure. The wires from these connectors were also placed i n  the 
wiring channels of the  pressurized-cell mounting s t ructure  and terminated i n  
connectors t h a t  mated with hermetically sealed connectors i n  the  telemeter 
bases. The wiring channels w e r e  then f i l l e d  with a s i l icone rubber compound 
which held the  wires and a l so  the feed-through terminals firmly i n  place. 

Con- 

The stainless-steel-grid detectors ( f igs .  111-1 and 11-2) were designed, 
constructed, and tes ted  by the  L e w i s  Research Center as discussed i n  refer- 
ence 111-1. The grid-detector assembly w a s  then sent t o  the Langley Research 
Center f o r  integration with other subsystems and f i n a l  environmental and flight 
quali f i cation t e s t  ing . 

The copper-wire-card detectors were designed, constructed, and tes ted by 
the Goddard Space Flight Center and mounted on fiber-glass quadrants ( f igs .  111-1 
and 11-2) Furnished by the  Langley Research Center. The quadrants were w i r e d  
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Figure 111-2.- Alinement check. L-61-4123 

complete with plugs. 
potted with a polyeurethane foam t o  a density of 10 lb/cu f t .  
were sent t o  the Goddard Space Flight Center f o r  detector ins ta l la t ion  and ca l i -  
bration. 
and f inal  environmental and f l i g h t  qualification tes t ing.  

A l l  wiring w a s  on the  back s ide of the quadrants and w a s  
The quadrants 

They were returned t o  Langley f o r  integration with other subsystems 

SECTION I11 - SURFACE TREATMENT 

I n  order t o  m e e t  thermal design requirements ( re f .  111-2) and keep tem- 
peratures of the spacecraft within acceptable limits f o r  at  l ea s t  1 year, a 
var ie ty  of surface f inishes  were required. 

The surface treatment of the  solar-cel l  assemblies, impact detectors, heat- 
t ransfer  band, and exter ior  surface of the  forward she l l  w a s  required t o  control 
t he  solar-cell  temperature. 
were coated with an aluminum-oxide coating; the back s ide w a s  painted black. 

The exterior surfaces of the  solar-cel l  assembly 

The surfaces 
t o  provide a 
black inside 

of the  t r ay  and heat-transfer band tha t  mated were l e f t  untreated 
be t t e r  heat-transfer path. 
and out, except f o r  t he  surfaces where the  solar  ce l l s  w e r e  mounted. 

The heat-transfer band w a s  painted 



This band w a s  used t o  reduce circumferential temperature gradients which would 
a f fec t  solar-cel l  temperatures. The exterior surfaces of the impact detectors 
and forward s h e l l  w e r e  brought t o  a uniform f in i sh  by using a light aluminum- 
oxide g r i t  blast. They were then put i n  an oven and heated t o  600° F f o r  
5 minutes. 
emissivity ra t io .  The back side of the  impact detectors and the surfaces of t he  
forward she l l  covered by the  impact detectors, heat-transfer band, and solar- 
c e l l  assemblies on the  front  surface of the forward she l l  were all painted black 
The inside of the  forward shell ,  exter ior  surfaces of the canisters, telemeter 
bases, and both sides of the bulkhead w e r e  coated w i t h  a film of vacuum- 
deposited gold. 
exchange between the telemetry uni ts  and the  inner surface of the  forward shel l .  

This gave the surface a stable f in i sh  with a known absorptivity t o  

The gold p l a t h g  w a s  required t o  control the  radiant heat 

The exter ior  penetration surface of the  pressurized-cell detectors w a s  
coated with s i l i con  monoxide. 
temperature, but w a s  the main fac tor  i n  controlling the  telemetry temperature 
as pointed out i n  reference 111-2. 

This coating not only controlled the  detector 

The outside of t he  pressurized-cell-detector mounting structure w a s  painted 
white so tha t  it would help t o  s t a b i l i z e  the pressurized-cell-detector 
temperature. 

The inside and outside of the payload adaptor, the inside of the  
pressurized-cell-detector mounting structure, the inside of the  copper-wire- 
card-detector quadrants, the outside of the fourth-stage structure tha t  faced 
the  payload, and the outside of the rocket motor tha t  faced the payload were a l l  
covered with aluminum f o i l  t o  reduce the ra te  of radiant-heat t ransfer  from the  
hot fourth-stage motor case and nozzle t o  the payload immediately after burnout. 

SECTION IV - FIT CHECK 

I n  order t o  minimize payload-to-vehicle-integration problems tha t  might 
a r i s e  during the f i n a l  payload-to-vehicle assembly, a preliminary check of the 
assembly operation w a s  conducted at the launch-vehicle contractor's plant. A l l  
the  flight fourth-stage structure, a spent ABL rocket-motor case, the 
prototype payload, and the  f l i gh t  fourth-stage heat shield were used. It w a s  
found tha t  some modifications t o  the  heat shield were necessary. These modifi- 
cations included adding additional wire hold-down clamps t o  prevent the 
pre surized-cell detectors from being damaged during launch and modifying the 
he8 I -shield bumper ring. Also, techniques had t o  be devised f o r  assembling the  
fourth-stage heat shield i n  order t o  prevent damage t o  the copper-wire-card 
detectors. 

SECTION V - BALANCING AND F I N A L  ASSEMBLY 

I n  order t o  reduce the  velocity dispersion angle of the  spacecraft i n  
flight, it is  necessary tha t  the principal axis misalinement be reduced t o  a 
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minimum, as shown i n  reference 111-3. 
checks and balancing operations at  Wallops Island. 

This w a s  accomplished by pref l igh t  

The assembled fourth-stage s t ructure  with the third-stage s t ructure  (lower 
t r ans i t i on  I'D'') were mounted on t h e  balancing tab le  and the  l i v e  X248-A5 motor 
w a s  ins ta l led .  
th rus t  face with respect t o  the  spin axis w a s  checked ( f i g .  111-2) and found t o  
be within acceptable limits (20.008). 
table w a s  coupled t o  the  blowout diaphragm. 
manner allows it t o  spin on the  spin bearing leaving the  third-stage s t ructure  
stationary.  The assembled fourth-stage s t ruc ture  and motor were spun up t o  the 
specified spin rate (180 r p m )  t o  check f o r  unbalance. 
assembled around t h e  ABL X248-A5 motor and fourth-stage s t ructure  by using se l f -  
locking o r  safety-wired fasteners .  
motor, and fourth-stage s t ructure  w a s  then accomplished by using a t o t a l  balance 
weight of 212 grams (7.5 02.). 

The misalinement of the  rocket motor adjacent t o  t h e  forward 

The spin drive shaf t  of t he  balancing 
Spinning the  spacecraft i n  t h i s  

The payload w a s  then 

Final dynamic balancing of t h e  payload, 

The fourth-stage heat shield w a s  then ins ta l led  t o  provide protection f o r  
t he  spacecraft while it w a s  being removed from t h e  dynamic balancing f a c i l i t y  
( f ig .  111-3) and transported t o  the  electronic  checkout area where the fourth- 
stage heat shield w a s  removed. 
t o  the  f i n a l  fourth-stage heat-shield in s t a l l a t ion  ( f ig s .  11-16(a) and (b ) ) ,  a 
f i n a l  inspection w a s  made of a l l  detectors, hardware, and fasteners .  The space- 

c ra f t  with the  fourth-stage heat shield 
ins ta l led  w a s  then transported t o  the  
launch tower where it w a s  mated t o  

and t h i r d  stages of t he  launch vehicle. 

After the electronic  checkout and just pr ior  

,$@ 
J ( f i g .  11-17) the assembled first, second, 
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CHAF'TER I V  

TELEME;TKY DESIGN 

By W a l t  C. Long 
Langley Research Center 

SECTION I - INTROIXTCTION 

The basic telemetry-system concept fo r  Explorer XI11 w a s  selected primarily 
on the basis of demonstrated performance ( re f .  I V - 1 ) .  The successful orbit ing 
of Vanguard I1 (1939 Alpha) and Vanguard I11 (1959 Eta) had proven the  basic 
design of the tracking and telemetry concepts which were compatible with mini- 
t rack network. It w a s  necessary fo r  the  NASA Langley Research Center ( L R C )  t o  
expand the system t o  provide a 48-channel telemetry system. Two of these sys- 
tems were used i n  the  Explorer XI11 i n  order t o  provide the required channel 
capacity. 

A study of the anticipated data revealed tha t  the prime data ( the  
micrometeoroid-penetratfon data) would occur a t  an extremely slow rate and tha t  
one data readout per day from the  s a t e l l i t e  would be adequate t o  sa t i s fy  the 
needs of the program. 
meaningful by obtaining real-time data, but it w a s  believed t h a t  the  resu l t s  
would not j u s t i fy  the complexity and ef for t  t ha t  would have been required. A 
study revealed tha t  the penetration detectors gave a permanent and i r reversible  
output upon being penetrated by a micrometeoroid and tha t  the impact detectors 
gave a momentary pulse output upon micrometeoric col l is ion.  Therefore, data 
storage w a s  inherent i n  the penetration detectors but w a s  required f o r  the 
impact detectors. An events-counting and storing system w a s  provided w i t h  suf- 
f i c i en t  capacity t o  allow up t o  24 hours t o  elapse between readouts with l i t t l e  
chance of recycling between readouts. 

Some of the secondary data would have been made more 

I n  the planned orbit ,  transmission ranges would be not l e s s  than 244 nauti- 
c a l m i l e s  (perigee) under any conditfon and quite often would be as great as 
1,000 nautical  miles. The radio-frequency links were therefore designed f o r  the 
1,000-nautical-mile range. The calculated signal-to-noise ra t ios  are shown i n  
figure I V - 1 .  From t h i s  figure, it can be seen tha t  l i t t l e  d i f f i cu l ty  w a s  antic- 
ipated i n  the  data acquisit ion and data reduction. Section IV of t h i s  chapter 
and Section I V  of Chapter V I 1 1  give some of the operational resul ts .  

SECTION I1 - SYSTEMS DESCRIPTION 

The telemetry system f o r  Explorer XI11 consisted of two separate and inde- 
pendent telemeters f o r  data  transmission and a radio beacon f o r  tracking. The 
two telemeters w e r e  of the  data storage-command readout type wherein data were 
collected during the  s a t e l l i t e ' s  o rb i t ( s )  and read out when within range of a 
ground receiving s ta t ion.  D a t a  storage w a s  suff ic ient  t o  allow up t o  24 hours 
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t o  elapse between readouts. 
not erased. 
command radio frequency w a s  used f o r  interrogation. 

Readout w a s  nondestructive i n  tha t  stored data were 
Two radio frequencies were used f o r  data transmission, but only one 

The telemetry format w a s  a time- 
division multiplex scheme wherein a ser ies  
of subcarrier osc i l la tors  were sequentially 
pulsed on and off ( f ig .  I V - 2 ) .  Information 
w a s  conveyed by the frequency of the pulse- 
gated subcarrier osc i l la tor ,  by the dura- 
t i on  of the pulse, and by the spacings 
between pulses. The signal consisted of 
16 subcarrier o sc i l l a to r  pulses f o r  a t o t a l  
of 48 channels of information f o r  each 
telemeter. 

The two telemeters were constructed 
as independently as w a s  possible i n  order 
t o  improve overall  system re l i ab i l i t y .  
Separate solar  ce l l s  and ba t te r ies  were 
used t o  supply power as well as separate 
electronics f o r  handling the data. A com- 
mon antenna system w a s  used f o r  the two 
telemeters, but the two telemeters were 

Figure IV-2.- Telemeter format. 

connected through a hybrid junction so as t o  be e lec t r ica l ly  isolated.  
sensors were divided in to  two groups as nearly equal as possible and telemetered 
separately. 
w a s  made so tha t  sensors of the  same type and sens i t iv i ty  were equally d is t r ib-  
uted between both telemeters. 
experiment was not l o s t  but t ha t  the  exposed area w a s  halved. 
of the telemetry system is  presented i n  figure IT-3 and the  pertinent charac- 
t e r i s t i c s  i n  tab le  IV-1 .  
An "A" telemeter, a "B" telemeter, and a radio beacon. 

The 

Each sensor w a s  connected t o  only one telemeter, but the  division 

This meant t ha t  i f  one telemeter failed,  the 
A block diagram 

The telemetry system consisted of three mzijor units: 

Telemeters: The "A" and "B" telemetric assemblies were quite s i m i l a r  and 
consisted of: 

1. One signal conditioning module each 

2. One encoder module each 

3 .  One 16-channel subcarrier osc i l la tor  module each 

4. One events-counting and storage module i n  the "A" assembly and two i n  

5 .  One impact-detector amplifier and wave-shaper module each 

the  "B" assembly 

6. One transmitter and diplexer module each 

7. One secondary Ni-Cd bat tery module each 

8. One command receiver and turnoff timer module each 

9. One regulated dc-dc converter each 
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Figure IV-3.- Block diagram of telemetry system. 



The command receivers, the microphone amplifiers, and the counters were 
continuously energized. Upon reception of an interrogation command, the  dc-dc 
converters were energized and i n  turn  furnished power t o  the encoders, the  sub- 
car r ie r  osci l la tors ,  and the transmitters. The encoders then sampled each 
sensor approximately three times per second and generated a telemetry s ignal  
which then amplitude modulated the transmitters. After a 1-minute interval,  
the dc-do converters were deenergized by the  in te rna l  timers. 
timers were not synchronized so the turnoff times did not necessarily coincide. 

The turnoff 

Radio Beacon.- The radio beacon consisted of the "B" telemeter transmitter 
module (item 6) and two primary ( H g )  bat tery packs. 
power turned on pr ior  t o  launch and w a s  t o  transmit u n t i l  i t s  primary ba t t e r i e s  
were exhausted (about 1 week). I t s  power w a s  routed through interlocks i n  the  

A and "B" command receivers so tha t  it w a s  silenced during interrogation of 
e i ther  telemeter ( f ig .  IV-3). This override feature  allowed f o r  interrogation 
of the  telemeters while on the launch pad f o r  checkout purposes and during 
flight f o r  readout purposes. 

The radio beacon had i ts  

I1 I1 

Telemetry Construction.- All modules except for the  transmitter, bat ter ies ,  
and dc-dc converter were constructed on a printed c i rcu i t  board and potted with 
a foam-in-place polyurethane potting resin.  The transmitter w a s  constructed on 
an aluminum chassis and potted with the polyurethane resin.  
module was potted with epoxy f o r  added strength. The potting material w a s  used 
t o  obtain the f i n a l  module shape 5.50 inches i n  diameter and 1.00 inch high. 

The Ni-Cd bat tery 

Prcrrure.~w.i  t c h  

r Z e n e r  diodes 

H e r m  etic 

Plugs 

'BNC connector 

Figure N-4.- Cpt-away view of telemeter B assembly. 

The dc-dc converter w a s  constructed 
on an aluminum chasis and had an 
aluminum case f o r  added r ig id i ty .  The 
modules were stacked one upon another 
and the seven (eight f o r  t he  "B" 
telemeter) module stack mounted upon 
a base containing the entrance plugs 
and associated w i r i n g .  Two l/k-inch 
rods were run through the modules t o  
bol t  them t o  the base and a heavy 
walled canister w a s  placed over them 
t o  give the modules the  required 
strength and r ig id i ty .  The dc-dc con- 
ver te r  w a s  placed i n  the underside of 
the base and covered. Hermetically 
sealed connectors were used f o r  
entering the telemeters and a l l  
mechanical interfaces were sealed by 
using "0" rings. The telemeters were 
then pressurized t o  20 psia. Fig- 
ure IV-4  i s  a cutaway view of the  "B" 
telemeter showing the construction 
methods and figure IV-5 i s  a photo- 
graph of the  "A" telemeter with the  
canis ter  removed. The thermal-design 
factors  which apply t o  the telemeters 
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L-62-1572 
Figure IY-5.- Telemeter A 

assembly. 
L-62-1568 

Figure Iv-6.- Telemetric assemblies on fiber-glass 
bulkhead. 

a re  covered i n  Chapter V I .  
mounted upon a f iber-glas s bulkhead. 

Figure IV-6 shows the  "A" and "B" telemeters 

Encoding System.- The function of the encoding system i s  t o  sample the 
various sensors sequentially and t o  generate a s ignal  sui table  f o r  telemetry. 
The encoding system i s  composed of three subassemblies; each subassembly con- 
sists of a signal conditioning module, an encoder module, and a subcarrier 
osc i l la tor  (SCO)  module. 
t he  various sensors and operates upon them t o  form inputs acceptable t o  the 
encoder module and the  subcarrier osc i l la tor  module. Section I V  of t h i s  chapter 
on "Channel Allocations" presents a discussion of these procedures. The encoder 
module accepts i t s  inputs f romthe  signal conditioning module and generates a 
nonsynchronous pulse-duration modulation (PDM) wave t ra in .  
t h e i r  inputs from the  signal conditioning module and generate frequencies which 
a re  determined by t h e i r  inputs. The SCO's are  sequentially gated on and off by 
the PDM and other wave t r a i n s  from the  encoder and t h e i r  outputs a re  summed in to  
a common signal l i ne .  

The signal conditioning module accepts inputs from 

The SCO s accept 

Only one subcarrier o sc i l l a to r  i s  gated on at any time. 

Encoder Module.- The encoder c i rcu i t ry  consists of a timing multivibrator 
i n  a Royer c i rcu i t  ( re f .  I V - 2 )  f o r  generating the duration and space times, a 
solid-state commutator f o r  switching i n  the proper sensors, and a scale of 
16 matrix f o r  control purposes. Figure IV-7  shows the  encoder, and c i rcu i t  
diagram 1 (at the end of t h i s  chapter) i s  a schematic of the encoder. 
t o r s  Q33y Q34, and the  timing multivibrator transformer comprise the t iming .  
multivibrator; Ql t o  Q 

Transis- 

comprise the  sol id-s ta te  commutator; Q3? t o  Q39 supply 32 
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~ 6 0 - 3 7 7 0  
Figure N-7.- Forty-eight channel encoder 

module. 

the  duration burst. Commutating 
4 milliseconds f o r  switching the 

gating f o r  the SCO module; Q40 t o  &59 com- 
pr i se  the scde-of-16 counter; and Q6o t o  
Qa-7 comprise the  matrix which supplies 
gating pulses t o  the solid-state commutator 
and t o  the SCO module. 
t i m i n g  diagram f o r  the encoder and shows the  
relationship of the various waveforms. Note 
tha t  the sync starts on s i6  rather  than on 
D1 and tha t  all base gates start concur- 
rent ly  with a space start and s tep t o  the 
next base gate concurrently with spaces; 
t ha t  is, base gate A occurs fo r  s i6  and D1, 
base gate B occurs f o r  S1 and De, and so 
forth.  This scheme w a s  necessitated by the 
subcarrier osci l la tors .  The scale-of-16 
counter and matrix w a s  driven from the oscil-  
l a t o r  gating and suffered a propagation 
delay of about 5 microseconds. If the com- 
mutation had occurred a t  the beginning of 
a duration, the wrong osc i l la tor  would be 
gated on during t h i s  5-microsecond delay and 
would have dis tor ted the leading edge of 

Figure IV-8 i s  the 

a t  the beginning of a space allowed up t o  
subcarrier osc i l la tors .  

SYNC I . -  I -7 ~ 

Figure N-8.- Encoder timing diagram. 
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Subcarrier Oscil lator Module.- The 
subcarrier osc i l la tor  module ( f ig .  I V - 9 )  
consisted of 16 ident ica l  subcarrier 
osc i l la tors .  These osc i l la tors  accepted 
t h e i r  inputs from the signal condi- 
tioning module and t h e i r  gate signals 
from the encoder. The SCO's were 
sequentially gated on by the encoder and 
t h e i r  outputs summed onto a common sig- 
na l  l i ne .  Since the osc i l la tor  gating 
w a s  time-division multiplexed, one sig- 
nal only w a s  present at any one time. 

L60-3768 
Figure IV-9.- Subcarrier oscillator module. 

The basic subcarrier osc i l la tor  
( c i r cu i t  diagram 2) consists of a mag- 
net ic  multivibrator i n  a Royer 
(ref. I V - 2 )  c i rcu i t .  The theory of 
operation i s  the same as f o r  the t i m i n g  
multivibrator i n  the  encoder; Q,l and Q 2  
and switching t rans is tors  and are e i ther  
saturated or nonconducting. Core 1 and 

core 2 were tape wound with a square loop material. 
form an inductive voltage absorber t ha t  varies the effect ive voltage across 
core 1, and therefore the  switching frequency of core 1. 
square wave and w a s  fed t o  the modulator. Blocking diodes were used i n  the 
output l i nes  so tha t  t he  15 "off" subcarrier osc i l la tors  would not load down 
the "on" subcarrier osc i l la tor .  The absence of f i l t e r i n g  o r  charging c i r cu i t s  
permitted the SCO t o  be gated on and off and t o  become stabi l ized within one- 
half cycle of operation. 

Transistor &3 and core 2 

The output w a s  a 

Counter Module.- The events- 
counting and storage system accepted 
pulses from the impact-detector ampli- 
f i e r s ,  counted these pulses, and gene- 
rated output levels  sui table  f o r  the 
subcarrier osc i l la tors .  The counter 
consisted of 12  complementary fl ip-flops 
connected i n  cascade which gave the uni t  
a tot&-count capacity of 4,096. The 
counter did not have rese t  capabili ty 
since nondestructive readout w a s  a 
requirement of the system telemetry. 
With the application of the 4,.096th 
pulse, the counter cycled and began 
counting anew. The outputs of the coun- 
t e r s  were weighted and s m e d  so as t o  
form oct..llary numbers. 
numbers moc'ulated the subcarrier oscil-  
la tors .  T h t  un i t s  are  shown i n  f ig-  
ure I V - 1 0  bei'ore potting; the impact- 
detector amplifiers are described i n  
Chapter X I I .  
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L-60-3767 
Figure IV-10.- Events-counting and 

storage system. 



A schematic of the  complementary f l ip-f lop ( re f .  IV-3) used i n  the events- 
counting and storage system i s  shown i n  c i rcu i t  diagram 3. One NPN and one PNP 
t rans is tor  conduct i n  each of the  two states of the fl ip-flop, e i the r  Q,l or &3 
or Q,2 and Qk. 
of beta squared and thus allowed operation at  a power l eve l  of l e s s  than 
1 m i l l i w a t t .  The steering t ransis tor ,  E, conducted only during switching. 
The application of a 2-volt negative-going pulse switched the f l ip-f lop and 
thus the  polar i ty  of t he  voltage across a. Transistor &5 w a s  chosen s o  as t o  
have gain i n  the  normal and inverted configurations. 

This method of two-transistor regeneration gave a c i rcu i t  gain 

The interconnections of t he  12  f l ip-f lops a re  shown i n  the events-counting 
and storage-block diagram ( f ig .  IV-11). 
two equal groups of s i x  each and stacked t o  operate from the  available -13-volt 
power supply. The outputs contained a common mode voltage which w a s  bucked out 
i n  the subcarrier osc i l la tor  inputs. 

The 12 f l ip-f lops were divided in to  

Transmitter Module.- The transmitters were of the master-oscillator power- 
amplifier type wherein the osc i l l a to r  w a s  c rys ta l  s tabi l ized at  the output f re-  
quency and the f i n a l  amplifier w a s  base modulated. 
m i n i m u m  car r ie r  output through the diplexer of 100 m i l l i w a t t s  at  a collector 
supply of -21 vol t s  d-c. Modulated output w a s  typical ly  150 milliwatts. Total 
transmitter input was 750 m i l l i w a t t s  which gave an efficiency of 20 percent. 

The transmitter provided a 

Signal  
Counter ou tputs  

f l i p - f l o p  c . 8  count 
S igna l  

64 

512 

count 

count 

b 4 0 9 6  count 3-stage 
f l i p - f l o p  

Figure IV-ll.- Counter-module block diagram. 
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L-60-3769 
Figure IV-12.- Transmitter module. 

The transmitter i s  shown i n  f ig-  

Tran- 
ure IV-12 and the transmitter schematic 
i s  shown i n  c i rcu i t  diagram 4. 
s i s t o r  QJ and associated c i rcu i t ry  com- 
pose the  c rys ta l  s tabi l ized oscil lator;  
Q,2, a, and associated c i rcu i t ry  com- 
pose the base-modulated power amplifier; 
Q4, Bs and associated c i rcu i t ry  com- 
pose the  modulator; ~ 6 ,  L7, Cl5, and 
Clg compose a frequency-selective 
diplexer. This diplexer serves the 
dual purpose of routing the telemetry 
rf (radio frequency) signal from the 
transmitter t o  the antenna and the com- 
mand receiver rf signal from the  
antenna in to  the command receiver. 

The modulator w a s  a saturating 
(clipping) type wherein the output 
amplitude w a s  constant so long as the 
input remained above a threshold level .  

This type of operation necessarily resulted i n  a square-wave output. 
or l i nea r  operation could have been used with a more complex form of amplitude 
s tabi l izat ion.  
i n f i n i t e  se r ies  of harmonics. Stated mathematically, the Fourier se r ies  is: 

Sine wave 

An examination of the spectrum of a square wave reveals an 

4 4 
5[ 3fl 

e ( t )  = E - COS cot - E - cos 

4 
5fl 

+ E - C O S 5 & -  . 
A typical  transmitted spectrum i s  

shown i n  figure IV-13 which shows both 
the A and the B telemeter spectra. The- 
oretically,  there  should be more than 
2-percent crosstalk even with a 660-kcps 
spacing, but bandwidth l imitat ions i n  the 
modulator and i n  the f i n a l  tank c i rcu i t  
kept the crosstalk well below 0.1 per- 
cent. Modulating and detected waveforms 
a re  shown i n  figure IV-14. The detected 
waveforms were taken by using a receiver 
with a 3O-kcps bandwidth. 

Command Receiver Module.- The com- 
mand receivers ( f ig .  IV-15) used i n  
Explorer XTII were similar t o  those used 
i n  Vanguard 11 and 111 (ref .  IV-4). The 
major changes were t o  update components 
and t o  add a 1-minute turn-off timer. I n  Figure IV-13.- Transmitted spectrum. I,-64-3087 
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Figure IV-14. - Modulation wavef orms. L-64-3088 
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L-60-3772 
Figure IV-15.- Command receiver module. 

order t o  increase the r e l i a b i l i t y  of the system, it w a s  decided t o  accomplish 
data readout by using only one ground action; t ha t  is, the s a t e l l i t e  telemeters 
were turned on by a ground comand, the telemeters transmitted t h e i r  data, and 
then automatically turned themselves off a f t e r  about a 1-minute in te rva l  with- 
out requiring an additional ground action. 

The command receivers were double-conversion superheterodynes and were 
fixed tuned t o  one command frequency. As shown i n  c i rcu i t  diagram 5 ,  the  f i r s t  
and second converters Ql and ($2 were crystal  s tabi l ized i n  order t o  obtain the 
required frequency s t ab i l i t y .  The second intermediate frequency ( i . f . ) ampli- 
f i e r s  (Q3 t o  Q6) provided the  major portion of the system gain (over 100 deci- 
be ls ) .  
bandwidth of 20 kcps between the  3-decibel points. Transistor Q7 and associated 
c i rcu i t ry  formed a "weak-signal" detector; L12, ~13, c50, c51, and c52 composed 
an overcoupled double-tuned f i l t e r  with a 5-percent bandwidth; (8, D5, and asso- 
ciated circui t ry  composed a peak-to-peak detector; Q9, QlO, and associated cir-  
cui t ry  composed the  relay amplifier. RE-1 i s  a dual-coil magnetic-latching 
relay. 
in te rva l  timer. The in te rva l  t i m e r  w a s  comprised of Qll, Ql2, and Ql3, and 
associated c i rcu i t ry  . 

The i . f .  stages were single-tuned transformer coupled and provided a 

The relay was turned on by the command receiver and turned off by the 

Dc-dc Converter.- The dc-dc converter furnished power t o  the encoder, sub- 
car r ie r  osci l la tors ,  and transmitter a t  the appropriate voltages. The output 
voltages were held t o  within plus or  minus 1 percent over an ambient tempera- 
t u re  range from -loo C t o  60° Cy with an input change of plus o r  minus 10 per- 
cent, and with a load decrease of 50 percent; t h i s  w a s  accomplished with a con- 
version efficiency of 80 percent. 
regulator and a dc-dc transformer i n  a Royer c i rcu i t  ( r e f .  IV-2). 
converter i s  shown i n  f igure 131-16, and the  dc-dc converter schematic i s  shown 

The converter consisted of two units, a 
The dc-dc 
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Figure IV-16 .- Dc-dc converber. L-60-8607 

i n  c i rcu i t  diagram 6. Ql, Q2, Q3, D1, and D2 form a ser ies  regulator. Tran- 
s i s to r s  Q4 and Q5 along with the square-loop core form the d-c-to-a-c converter 
and D 3  and D 1 2  supply the output voltages. 
f o r  Q4 and &5; t h i s  method of obtaining the  switching-transistors bias  made the 
dc-dc converter short-circuit  proof. 

Diodes D l 3  and D14  supplied bias 

SECTION I11 - ANTENNA. SYSTEMS 

Due t o  the i n i t i a l  spinning and the eventual tumbling modes of the  sa te l -  
l i t e ,  an isotropic antenna system was a necessity. 
was tha t  the antennas be stowable during the launch phase when the heat shields 
were on and tha t  they automatically unfold when the heat shields were j e t t i -  
soned. The mechanical design of t h i s  feature i s  covered i n  chapter 111. 

An additional requirement 

The selected antenna system consisted of four e rec t i l e  monopoles spaced 900 
e lec t r ica l ly  and 90' physically around the s a t e l l i t e  body i n  a t u r n s t i l e  array. 
This type of antenna system provides c i rcular  polarization when viewing the 
s a t e l l i t e  head on, l i nea r  polarization when viewing broadside, and c i rcu lar  
polarization of the  opposite sense when viewing t a i l  on. Since weight consider- 
ations necessitated u t i l i z ing  the same antenna system f o r  transmission from and 
reception at the s a t e l l i t e  f o r  both telemeters, a hybrid junction (ref. I V - 5 )  
w a s  used t o  t i e  the telemeters t o  the  antenna system while s t i l l  isolat ing them. 
A frequency-selective diplexer w a s  used i n  each telemeter t o  separate the  trans- 
m i t t e r s  and receivers. The overal l  system is  shown i n  the telemeter block 
diagram ( f ig .  IV-3) and the  hybrid-junction t u r n s t i l e  antenna system i n  
figure IV-17. 
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The hybrid junction provides two 
isolated inputs and two isolated outputs 
with equal power division between the  
two outputs. The hybrid junction, when 
terminated i n  a res i s t ive  50-ohm load, 
i s  capable of maintaining a 40-decibel 
i so la t ion  between inputs and a power 
division equal t o  f L  decibel between out- 
puts over a 4-percent frequency range. 
The hybrid- junction tu rns t i l e  antenna 
system w a s  usable over a 20-percent f re-  

- 
G 

quency range. 

The operation of the hybrid junction A Input 

Figure IV-17.- Hybrid junction and 
turnstile antenna system. 

may be understood by noting tha t  there 
a re  two paths from point A t o  point B 
( A B  and ADB) and by noting tha t  the 
distances are unequal by one half wave- 
length o r  180 e l ec t r i ca l  degrees. 
Assuming proper operation, the signal 
through path ACB w i l l  a r r ive 180 elec- 
t r i c a l  degrees l a t e r  than the signal 
through ADB and they w i l l  be i n  counter- 
poise. The net r e su l t  i s  tha t  the power 
at  point B due t o  t h a t  at A i s  zero. 
The inverse process from B t o  A i s  anal- 
ogous. The phasing of the tu rns t i l e  
array may be understood by noting the 
l i n e  lengths from the inputs .to the indi- 
vidual monopoles. 
a re  one half wavelength each and are  
used t o  connect monopoles 1 and 3 ( 2  and 
4 )  together as dipoles. Monopoles 1 
and 3 ( 2  and 4 )  are  diametrically opposed 

"he l i nes  DE and FG 

and the  two dipoIeS a re  i n  quadrature. 
monopoles 1, 2, 3, and 4 a re  1/4, 1/2, 3/4, and 1 wavelength so  t h a t  the signals 
a re  e lec t r ica l ly  spaced by 90'. Therefore, the  resul t ing voltage maxima rotate.  
It should be noted tha t  the  l i n e  lengths from point B t o  the monopoles 1, 2, 3,  
and 4 are  1/4, 1, 3/4, and 1- wavelengths so t h a t  the voltage maxima occur i n  

the  opposite rotat ing sense. 

The l i n e  lengths from point A t o  the  

1 
2 

Since the  system i s  p a s s h e  i n  nature, the  inputs and outputs may be inter-  
changed without affecting system operation. 
reception through the hybrid junction and antenna system. 
f o r  t he  spinning and tumbling modes a re  shown i n  figures IV-18 and IV-19,  and 
VSWR i s  shown i n  figure IV-20. 

This allows both transmission and 
The antenna patterns 
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Figure IV-18.- Antenna pattern fo r  a spinning sa t e l l i t e ;  stable mode. 

Figure IV-19.- Antenna pattern f o r  a tumbling sa t e l l i t e ;  tumbling mode. 
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Figure IV-20.- Voltage standing wave rat io .  

S E C T I O N  I V  - CHANNEL ALLOCATIONS 
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/ 

1 

I n  order t o  make e f f i c i en t  u t i l i z a t i o n  of channel capacity, it w a s  neces- 
sary t o  obtain a complete knowledge of t h e  environment t o  be measured as well 
as a thorough understanding of t he  sensors. 
telemetry system be used t o  i t s  fullest  advantage. A s  i s  t rue  of a l l  telemetry 
systems, the  telemetry system f o r  Explorer X I 1 1  exhibited several  pecul ia r i t i es  
which had t o  be designed around. The most evident of these w a s  the  crosstalk 
or hysteret ic  e f fec t  which preceding t i m e  channels had on the  succeeding t i m e  
channels. This e f fec t  w a s  minimized by grouping sensors according t o  t h e i r  
measurements so t h a t  adjacent channels were functions of t he  same inputs, tha t  
is, t he  channels were grouped so t h a t  the crosstalk e f fec ts  were minimized. 

O n l y  when t h i s  i s  done, could the  

The inputs t o  t he  telemetry system were of two types: a voltage input t o  
the  subcarrier osc i l la tors  (frequency channels) and a resistance input t o  the  
timing multivibrator ( t i m e  channels). 
were high impedance (approximately 100 K )  and the  inputs t o  the  t i m e  channels 
were low impedance (a  m a x i m u m  of 3,000 ohms). 
nels  were double ended and were of the  type wherein common mode voltages could 
be bucked out. The inputs t o  t he  t i m e  channels were a l so  double ended but were 
of t h e  type t h a t  required the  sensor t o  be i so la ted  from ground. 

The inputs t o  the  frequency channels 

The inputs t o  the  frequency chan- 



The sensors t o  be used i n  any experiment maybe categorized into two types: 
analog, where the output may take any value between two end points; and d ig i ta l ,  
where the output has only a discrete  and f i n i t e  number of steps. I n  general, 
when using an analog telemetry system, the analog sensors require a complete 
channel f o r  telemetry while the  d i g i t a l  sensors may be grouped several t o  a 
channel. The d i g i t a l  data may be grouped i n  two different  ways: as combina- 
tions, wherein one knows when an event occurs but does not know which one of the 
n possible events has occurred; and as permutations, wherein one not only knows 
when an event occurs, but which event of the n possible events has occurred. 

An  examination of the d i g i t a l  data showed tha t  there were only two types, 
penetration and impact. 
only were permutations unnecessary, but t ha t  the desire t o  expose a l l  sides of 
t he  s a t e l l i t e  equally made combinations pract ical ly  a requirement. Accordingly, 
the  penetration data were telemetered as combinations and the placement of the 
sensors was dis t r ibuted so as t o  give an isotropic  view of space. 
being scaled f o r  storage, were weighted and therefore required treatment as per- 
mutations. I n  the  signal conditioning process, the  first assumption w a s  t ha t  
the aggregate telemetry system w a s  capable of an accuracy not be t t e r  than 
k5 percent of fu l l  scale. Accordingly, all d i g i t a l  data were encoded so tha t  
each step w a s  approximately 10 percent of f u l l  scale. It should be noted tha t  
few telemetry systems are  capable of much be t te r  accuracy from the sensor t o  
the f i n a l  data l i s t i ngs .  

A scrutiny of the penetration data revealed tha t  not 

The impacts, 

A puncture of the  pressurized-cell detectors resulted i n  a switch opening. 
The output of t h i s  switch w a s  an on-off action which readily l en t  i t s e l f  t o  
signal conditioning. Using the k5-percent resolution cri terion, 10 ce l l s  were 
encoded onto each channel as combinations which give 16 channels of informa- 
t ion.  Sixteen time channels were used f o r  the telemetry, 8 on the  "A" system 
and 8 on the  "B" system. The ce l l s  i n  each channel were l a i d  out i n  two rows 
of 5 ce l l s  each with two rows placed diametrically opposite so as t o  sensi t ize  
both sides of the  spacecraft. Because of the  nature of the detectors, a tem- 
perature correction w a s  not required f o r  the r a w  data. The f i n a l  channel a l lo-  
cations are  shown i n  table  IV-2 and i n  figure IV-21; the detector layout i s  
shown i n  figure IV-22. The signal conditioning i s  shown i n  figure IV-23 along 
with the result ing resolution. 

Penetration of the steel-covered-grid detector by a micrometeoroid broke 
a gold grid.  
ence 6 gives a detailed description of the  sensor and the fabrication techniques. 
Again, using the $-percent resolution cri terion, the f o i l  gages were encoded 
onto the frequency channels t o  give eight b i t s  of information per channel. This 
signal-conditioning scheme along with the ensuing resolution i s  shown i n  f ig-  
ure IV-24. 
should be noted tha t  the  incompatibility of the high internal  impedance of the  
f o i l  gages and the low input impedance of the time encoding c i rcu i t ry  precluded 
ef f ic ien t  u t i l i za t ion  of available time channels. 
could have been placed on one time channel. 
current-limiting res i s tors  ( f ig .  IV-24), the temperature effects  on the sensors 
were minimized. Six frequency channels and four time channels were used f o r  
t he  telemetering, three frequency channels and two time channels each on the 
"A" and "B" telemeters. 
allocakions. 

This breaking of continuity w a s  the telemetered data. Refer- 

(See ref. IV-6 f o r  the  actual sensor grouping and location.) It 

A t  best, only three b i t s  
Due t o  the  swamping action of the 

Table IV-2 and figure IV-27 show the f i n a l  channel 
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I I I I I I I  I1 I1 I I  

A Telemeter 
Frequency Time 
channels channels 

S16 Pressure 

D16 Temperature Battery voltage F16- 
~ 

t- 
card detector 

B Telemeter 
Frequency ~ i m ~  
channels channels 

Pressure 

Battery voltage F16 16 Temperature 

S15 

15 Copper-wire- 
card detector 

Steel-covered- 
grid detectors ~ 1 4  14 

detectors 

Battery voltage F12 

I 
Steel-covered- 

'13 Cadmium-sulfide- 
cell detectors 

Battery voltage 

s11 

F9 

J _"": 
+ F8 

Temperatures 

Pressurized- 
cell detectors 7 +D6 

s5 I 
Meteoroid-impact I F5 *D5 I 
detecting 
system I 

F4 I 

A 
calibration, 

F2 

Meteoroid-*act - Temperatures 
F10 detecting 

system I11 
I 

I s7 
Calibrate F7 <==? 

I '6 Pressurized- +; celj detectors 

Meteoro:d-impact F5 I 
detecting 
system I1 

I F4 
- 

S2 Synchronization, 

DZ and identification 
calibration, 

Calibrate 

Figure IV-21 . -  Channel allocations.  
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The copper-wire-card detectors were melamine cards closely wound with 
copper wire. 
This interruption of continuity w a s  the  telemetered data. The signal- 
conditioning scheme i s  shown i n  figure IV-25 and the  sensors are described i n  
d e t a i l  i n  chapter X. The channel allocations and the  sensor layout are shown 
i n  figures I V - 2 1  and IV-22, respectively. 
telemetry, f ive  each from the  A and B telemeters. 

A micrometeoroid breaking the w i r e  would cause the  card t o  open. 

Ten time channels were used f o r  

The events-counting and storage system, which counted the pulses from the 
micrometeoroid-impact-detection system described i n  chapter XTI, had as outputs 
octonary weighted voltage levels .  
t ions and were conditioned as shown i n  figure IV-26. 
are  shown i n  tab le  IV-2 and i n  figure IV-21 and the  microphone layout is  shown 
i n  figure IV-22. 

These outputs had been t reated as permuta- 
The channel allocations 

The temperature measurements located as described i n  chapter V I  were made 
with thermistors, which are  temperature-sensitive semiconductors having a large 
negative temperature coefficient of resistance. Four types of thermistors were 
used t o  cover four different  temperature ranges. The types and t h e i r  ranges 
are : 

Thermistor 

GB25J1 
35JQ 
38C2 
GA42J2 

Temperature range, 

-60 t o  io 
- io  to 60 

o t o  70 
10 t o  100 

OC Resistance at  25O C, ohms 

500 
5,000 
8,000 

20,000 

It should be noted tha t  the GB25J1 and the GA42J2 were used i n  conjunction t o  
measure a temperature range from -600 C t o  looo C.  
thermistors have t h e i r  m a x i m u m  sens i t iv i ty  a t  about 5,000 ohms and have end 
limits of about 500 and 50,000 ohms. Figures IV-27 t o  I V - 2 9  show the tempera- 
t u re  resolutions tha t  were calculated f o r  the  35A2, 38C2, and the  GB25J1 - 
GA42J2 combination by using the c r i te r ion  of ??-percent telemetry resolution. 
Two complete s e t s  of temperature measurements were made on the spacecraft and 
were diametrically opposed so as t o  indicate temperature gradients around the  
s t ructure  (one set w a s  placed on each telemeter). 

It can be shown tha t  the 

SECTION V - .GROUND C W A T I B I L I T Y  TESTS 

I n  order t o  insure compatibility between the orbit ing s a t e l l i t e  and the 
ground-receiving stations,  the  prototype telemeters were given an extensive 
ser ies  of t e s t s  a t  the  NASA Goddard Space Flight Center (GSFC) and at  Blossom 
Point, Maryland. The telemetry signals were demodulated by receiving equip- 
ment at  GSFC and recorded on magnetic tape a t  various signal-to-noise ra t ios .  
This magnetic tape w a s  then returned t o  the Langley Research Center where the 
recordings were read out and the r e su l t s  analyzed. The radio beacon signal 
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Figure Tv-24. - Signal conditioning for steel-covered-grid detectors. 
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Figure IV-25.- Signal conditioning for copper-wire-card detectors. 

5 OK 

0 
0 
1 
1 
0 
0 
1 
1 

LOOK 

0 
1 
0 
1 
0 
1 
0 
1 

Percent 
E, as f(Ein) 

0 
14.3 
28.6 
42.9 
57.1 
71.4 
85.7 

100.0 

Change, 
percent 
of full 
scale 

0 
14.3 
14.3 
14.3 
14.3 
14.3 
14.3 
14.3 

0 1 1 

I : ' I o  

25.": Eo Octonary 
output 

Figure IV-26. - Signal conditioning for impacts-counting and storage system. 
(Ein is input voltage.) 



I 1 1 1  I 

20 

0 
-20 -10 0 

I 
_I 

10 

I 
I 
1 20 

i i  
I 1  I=J= 

- 1  I 
30 40 

L 
=t- 

60 

q I 

70 80 
Temperature, degrees centigrade 

Figure IV-27.- Midrange temperature resolution for thermistor 35A2. (+N i s  maximum up 
error  i n  posit ive direction and -AT is  maximum down er ror  i n  negative direction.)  

I 

===I= 

I 

+ 
I 

-m -Y I I  
-10 0 10 20 30 40 50 60 70 80 90 

Temperature, degrees centigrade 

Figure IV-28. -  Temperature resolution for thermistor 3 C 2 .  

I I I I  
I I I I  

-La I I I”’? < I  I I ‘m 
-60 -40 -20 0 20 40 60 80 100 

Temperature, degrees centigrade 

Figure IV-29.- High-low range temperature resolution. 

57 



w a s  measured by the  Minitrack Interferometer System and the resu l t s  recorded 
on a strip-chart  recorder. The 
results of the tests showed t h a t  the two systems were en t i re ly  compatible. 

This record w a s  analyzed by GSFC and LRC. 

I 
I 
I 
1 

The telemetry tests were conducted as shown i n  figure IT-30. The satell i te 
electronics were placed i n  a shielded room t o  minimize rf leakage and the output 
a t  point .A w a s  adjusted by means of an attenuator t o  give 0 dbm car r ie r  level .  
This signal w a s  fu r ther  attenuated t o  give inputs t o  the receiving system of 
various levels  from -90 dbm down t o  -125 dbm. The modulation was recovered by 
means of an "auxiliary diode" and recorded on magnetic tape. 
recovered, are shown i n  figure I V - 3 1  fo r  both the A and B telemeters. 
t e s t s  did not include sky noise and therefore show signals about 4 decibels 
cleaner than were obtained operationally. 
ra t ios  were shown i n  figure IV-1. 

The signals, as 
These 

The anticipated signal-to-noise 

set I attenuators 
!A 136 mcps 

1 
1 

Telemeter preamp 

The tracking t e s t s  were conducted as shown i n  figure IV-32. The output at  
point A was again adjusted by means of an attenuator t o  give 0-decibel car r ie r  
level.  
receivers of various leve ls  from -80 dbm down t o  -130 dbm. 

This signal w a s  fur ther  attenuated t o  give inputs t o  the tracking 
The inputs t o  the  

Demodulated 

I I signals 

Figure IV-30.- Telemetry compatibility tests. 
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-9 dbm -100 dbm 

-110 dbm 
-115 dbm 

-120 dbm -125 dbm 

(a) T e l e m e t e r  1-B. L-64-3089 
Figure IV-31.- D e m o d u l a t e d  t e l e m e t r y  signals. 
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(b) Telemeter 1-A. L-64-309 

Figure IV-31.- Concluded. 
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Figure IV-32.- Tracking compatibility tests. 

receivers were connected together through equal l i n e  lengths so t h a t . t h e  input 
signals were all of the same phase. Since the inputs differed by Oo, the  out- 
puts should be Oo. 
tracking. The radio beacon showed excellent characterist ics i n  tracking, but 
the  telemeter signals contained modulation components which caused zero s h i f t  
and j i t t e r .  
it w a s  f e l t  tha t  sat isfactory tracking could be obtained. 

Any variance or  j i t t e r  i n  the outputs w a s  an e r ror  i n  

Although these zero s h i f t s  and j i t t e r s  were greater  than desired, 

SECTION V I  - OPERATIONAL RESULTS 

After two delays caused by bad weather conditions, the f i n a l  countdown f o r  

A t  18:37:56z, Explorer X I 1 1  
Scout ST-6 began a t  12:OO midnight on August 23, 1961, and at  l :29:l l  p.m. 
e .s . t .  (18:29:11Z) of the  25th, l i f t - o f f  occurred. 
w a s  injected i n t o  orb i t  with an unfortunate inject ion angle of -4.396O. 
unfortunate error  resulted i n  an abnormally low perigee of 61 nautical  m i l e s  
(113.5 km) which caused the orb i t  t o  decay rapidly. This departure from the 
nominal orb i t  made data acquisit ion extremely d i f f i c u l t  since it w a s  not pos- 
s ib l e  t o  make accurate predictions of the s a t e l l i t e ' s  passes. 

interrogations were made during the short &-day l i fe t ime of the  s a t e l l i t e .  

This 

However, 21 

2 
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Explorer X I 1 1  w a s  successfully tracked during ascent by Wallops Island, 
Virginia; Blossom Point, Maryland; Locustville, Virginia; and Bermuda by using 
doppler techniques and by Wallops Island and Millstone H i l l ,  Massachusetts, by 
using radar techniques. 
w a s  acquired by Wallops Island and Locustville, Virginia. The exact beacon 
frequency w a s  communicated t o  Blossom Point which w a s  unable t o  pick up the 
radio beacon while the  spacecraft w a s  on the  launch pad. 

The radio beacon w a s  turned on pr ior  t o  l i f t - o f f  and 

The first s ta t ion  t o  acquire Explorer X I 1 1  i n  orb i t  w a s  Johannesburg, 
South Africa (JOBURG). 
injection. 
time w a s  19:22:002, 44 minutes after injection. 

Time of acquisition w a s  19:02:00Z, 24 minutes a f t e r  
The second s ta t ion  was Woomera, Australia (OOMERA); acquisit ion 

The first readout w a s  accomplished by E a s t  Grand Forks, Mnnesota (EGRFKS). 
Interrogation w a s  a t  20:11:45Z), immediately after meridian crossing. 
B telemeter w a s  acquired a t  t h i s  t i m e .  
Maryland (BPOINT) at  20:17:142, 60 seconds a f t e r  meridian crossing at  BPOINT. 
A t  t h i s  time, only the  A telemeter w a s  acquired. The next contacts with the 
s a t e l l i t e  were on passes 9 and 10. Only pass 9 a t  26/10:02:402 w a s  usable and 
even then could only be reduced by using laborious manual techniques. The next 
successful passes were 13, 14, and 15, when excellent resu l t s  were obtained on 
both telemeters. The last successful interrogations were on passes 21, 22, 23, 
and 28. 
successful interrogation passes. Table IV-3 gives a his tory of the 
interrogations. 

Only the 
The next readout w a s  by Blossom Point, 

Figure IV-33 i s  a world map and shows the  subsa te l l i t e  track f o r  the 
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TABU IV-1.-  PERTINENT CHARACTERISTICS OF EXPERIMENT TELE”EXS 

AND RADIO BEACON 

f 

Power output 

Lifetime 

Power supply 

Data period 

Telemeter A 

Minitrack PDM/FM/AM; 
48 channels 

30Ag f o r  1 minute, upon 
interrogation only 

136.200 mcps 

100 w 

Indefinite 

Secondary bat ter ies  (Ni-Cd) 
recharged by solar ce l l s  

Injection t o  1 year 

Telemeter B 

Same 
~~ 

Same 

136.860 mcps 

Same 

Same 

Same 

Same 

Radio beacon 

MOPA 

OAO 

136.860 mcps 

Same 

1 week 

’rimary 
bat ter ies  (Hg)  

1 week 
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TABLE IV-2.- CHANNEL ALLOCATIONS 

Telemeter A, 136.200 mcps 
~~ 

Zero calibrate 

Pressurized-cell-meteoroid-impact-detection 
lo-l 6m-cm system; sensitivity, sec 

Counter I; calibrate 
Counter I; 8 count 
Counter I; 64 count 
Counter I; 512 count 
Counter I; 4096 count 

Test solar cells; unprotected T-1 

Test solar cells; 0.006-inch glass T-2 
Test solar cells; 0.062-inch quartz T-3 

Test solar cells; unprotected T-4 
Test solar cells; 0.006-hch glass T-5 

B battery voltage 

Steel-covered-grid detectors t o  40, 

Steel-covered-grid detectors 44 t o  55 

Steel-covered-grid detectors 12, 26, 

42 and 43, 0.003 inch 

and 57 t o  60, 0.003 inch 

41, and 56, 0.006 inch 

A battery voltage 

Frame sync 

Identification, zero ohms 

Calibrate, full soale 
Calibrate, zero 
Calibrate, zero 
Calibrate, full scale 

Temperature electronics package (35M) 

Pressurized-cell detectors 36 t o  40 

Pressurized-cell detectors 1 t o  5 

Pressurized-cell detectors 31 t o  35 

and 116 t o  120, 0.0025 inch 

and 81 t o  85, 0.001 inch 

and u1 t o  115, 0.001 inch 

Telemeter B, 136.860 mcps 

Zero calibrate 

Sounding-board-impact-detection system; 
2 6 m - a  sensitivity, 10- - 

sec 
Counter 11; calibrate 
Counter 11; 8 count 
Counter 11; 64 count 
Counter 11; 512 count 
Counter II; 4096 count 

Counter 111 calibrate; sounding-board- 

impact-detection system, 100 sec 
Counter III; 8 count 
Counter III; 64 count 
Counter 111; 512 count 
Counter 111; 4096 count 

A battery voltage 

Steel-covered-grid detectors 1 t o  8; 

Steel-covered-grid detectors 9 t o  ll 

Steel-covered-grid detectors 18 t o  25, 

0.003 inch 

and 13 t o  17, 0.003 inch 

0.006 inch 

B battery voltage 

Frame sync 

Identification, 470 ohms 

Calibrate, full scale 
Calibrate, zero 
Calibrate, zero 
Calibrate, full scale 

Temperature electronics package (35A2) 

Pressurized-cell detectors 76 t o  80 

Pressurized-cell detectors 41 t o  45 

Pressurized-cell detectors, 71 t o  75 

and 156 t o  160, 0.0025 inch 

and 121 t o  125, 0.001 inch 

and 151 t o  155, 0.001 inch 
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TABLE IV-2.- CHANNEL ALLOCATIONS - Concluded 

Chsnne 

D6 

s6 

D7 

s7 

D8 

sg 

D9 

S9 

?LO 

SlO 

Dll 

sll 

D12 

s12 

D13 

s13 

D14 

sl4 

q 5  

s15 

D16 

516 

68 

Telemeter A, 136.200 mcps 

Pressurized-cell detectors 6 t o  10 

Pressurized-cell detectors  26 t o  30 

Pressurized-cell detectors  11 t o  15 

Pressurized-cell  detectors 21 t o  25 

Pressurized-cell detectors  16 t o  20 

and 86 t o  90, 0.005 inch 

and 106 t o  UO, 0.0015 inch 

and 91 t o  95, 0.0015 inch 

and 101 t o  105, 0.002 inch 

and 96 t o  100, 0.001 inch 

GB25J1) 
Forward-shell temperature (Low range, 

Forward-shell temperature (High range 
GA42J3)  

Test s o l a r  cel ls ,  T 1  and T2 
Temperature (35A2) 

Pressurized- c e l l  detectors 
Temperature (Low range, G B q J 1 )  
Pressurized- c e l l  detectors 
Temperature (High range, GA42J3) 
Power-suppu s o l a r  c e l l  ~4 
Temperature (35A2) 

Steel-covered-grid detector 
Temperature (38C2) 
Steel-covered-grid detector 
Temperature ( 3 8 C 2 )  

Guard 

Cd S Cell  

Cd s Cel l  temperature (35~2)  

Copper-wire-card detectors 1 t o  8, 

Copper-wire-card detectors 9 t o  16, 

Copper-wire-card detectors 33 t o  35, 

Copper-wire-card detectors 36 t,o 39, 

Copper-wire-card detectors 
Temperature (35A2) 

Eelemeter pressurization 

0.003 inch 

0.003 inch 

0.002 inch 

0.002 inch 

Telemeter B, 1% .860 mcps 

Pressurized-cell  detectors 46 t o  50 

Pressurized-cell' detectors 66 t o  70 

Pressurized-cell detectors 51 t o  55 

Pressurized-cell detectors 61 t o  65 

Pressurized-cell detectors 56 t o  60 

and 126 t o  130, 0.005 inch 

;and 146 t o  150, O.OOl5 inch 

and l3l t o  135, 0.0015 inch 

and 141 t o  145, 0.002 inch 

and 136 t o  140, 0.001 inch 

Forward-shell tempersture (Low range, 
G B B J ~ )  

Forward-shell temperature (High range 
GA42J3) 

Test so la r  c e l l  T3 
Temperature (35A2) 

Pressurized-cell detectors  
Temperature (Low range, G B q J 1 )  
Pressurized- c e l l  detectors 
Temperature (High range, GA42J3) 
Power-supply so la r  c e l l  B2 
Temperature (35A2) 

Steel-covered-grid detector  
Temperature (38C2) 
Steel-covered-grid detector 
Temperature (38C2) 

Guard 

Cd S C e l l  

Cd s Cell  temperature ( 3 5 ~ 2 )  

Copper-wire-card detectors 17 t o  24, 

Zopper-wire-card detectors 25 t o  32, 

Zopper-wire-card detectors 40 t o  43, 

Jopper-wire-card detectors 44 t o  46, 

Jopper-wire-card detectors 
Cemperature (35A2) 

Telemeter pressurization 

0.003 inch 

'0.003 inch 

.0.002 inch 

0.002 inch 

- 

- 



TABLE IV-3.- INTERROGATION HISTORY 

Orbit 

Launch 
1 
1 
1 
2 
7 
8 
9 
9 

10  
10 
13 
13 
13 
13 
14 
14 
14 
14 
15 
15 
20 
20 
21 
21 
22 
22 
23 
23 
25 
27 
28 
28 
35 
35 
40 

-~ 

D a t  e / t  i m e  

25/18: e: 44 
25/20:11: 45 

25/20: 17: 14 
25/21: 59: 40 

26/10: 02: 40 
26/10: 02: 40 

26/11: 55: 00 

26/15 : 15 : 02 
26/15 : 13 : 30 
26/15 : 15 : 02 
26/16: 58: 06 
26/16: 38 : 06 
26/16 : 58 : 06 
26/16 : 58 : 06 

25/20: 11: 45 

26/06: 34: 00 
26/&: 32: 15 

26/11: 46: 00 

26/15:13:30 

26/18: 40: 57 
26/18: 40: 57 
27/03 : 03 : 00 
27/05: 03: 00 
27/04: 45 : 56 
27/04 : 45 : 56 
27/06: 21: 30 
27/06: 21: 30 
27/08: 03: 14 
27/08: 03 : 14 
27/11:15:40 
27/14 : 03 : 00 
27/15: 42 : 15 
27/15: 42: 15 
28/02: 00: 03 
28/02: 00: 03 
28/08: 46: 00 

- .  .. 

Minitrack 
s t a t ion  

Blossom Point 
Grand Forks 

Blossom Point 
Blossom Point 
Fort  Myers 

Santiago 
Santiago 

Ant of agast a 
Antof agasta 

Quito 
Quito 

Fort  w e r s  
Fort  Myers 

Blossom Point 
Blossom Point 
Blossom Point 
Blossom Point 
Fort Myers 
Fort  Myers 
Fort Myers 
Fort Myers 

Santiago 
Santiago 
Santiago 
Santiago 
Santiago 
Santiago 

Antof agasta 
Antofagasta 

Lima 
Wo ome r a 
Woomera 
Woomera 

Antof agasta 
Antof agasta 
Ant pf agas t a 

Tape 

122A001 
122N001 
1224002 
122A002 
122D001 
122J001 
1225001 
122H001 
122H001 
122F001 
122F001 
122D001 
122D001 
122~003 
122~003 
122A004 
122A004 
122D002 
122D002 
122D002 
122D002 
122J002 
1225002 
1225003 
122~003 
1225003 
1225003 
1 2 2 H 0 0 1  
122H001 
12x01 
122-1 
122-1 
122-1 
1228001 
122H001 
122H001 
- -. 

- 

Telemeter 

None 
B 
B 
A 

None 
None 
None 

A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 

None 
None 

A 
B 
A 
B 
B 

. . - - . - . 

Data- 
reduction 
process 

None 
Automatic 
Automatic 

Manual 
None 
None 
None 

Manual 
Manual 
Manual 
Manual 

Aut omat i c 
Aut omat i c 
Aut omat i c 
Automatic 
Automatic 
Aut omat i c 
Aut omat i c 
Automatic 
Automatic 
Automatic 

Manual 
None 

Automatic 
Aut omat i c 
Aut omat i c 
Automatic 
Aut omat i c 
Aut omat i c 

None 
None 

Aut omat i c 
Automatic 

Manual:: 
Manual 
Manual** 

* 
** Special process by GSFC. 

The temperatures of all systems had increased beyond design limits as 
a result of aerodynamic heating so t h a t  these data  could not be used. 
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Circuit diagram 1.- Forty-eight channel encoder module schematic. 
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NOTE 

c41 

Relay i s  Potter Br,imfield SL l l d  
~ r g o n n e  1.F tra:miurmars rewound for  2OKC Inridwidth 
A l l  trac.;istors a r e  Texas Instr .  ZN1149 inless marked oUiarwise 
A l l  cauacitor values are in micmmicrufarads  . d e s s  marked 
,,Uidwise 

Exact d u e  dS4ermined by Iransistor parameters  TP 

I I 

C i r c u i t  diagram 5.- Schematic of command receiver. 
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POWER-SUPPLY SYSTEMS AND TEST SOLAR CELLS 

By John L. Patterson 
Langley Research Center 

SECTION I - INTRODUCTION 

Conversion of solar  energy with photovoltaic solar  ce l l s  w a s  decided t o  be 
the most prac t ica l  means of meeting the low-level power requirements through- 
out t he  desired 1-year l i fe t ime of the  s a t e l l i t e .  
necessary t o  supply a l l  power required during the o rb i t a l  dark periods, as well 
as t o  supply a large par t  of the  power required during interrogations i n  
sunlight. 

Rechargeable ba t te r ies  were 

Two separate solar  power supplies were installed,  one f o r  each telemeter. 
Each supply w a s  required t o  furnish 10 milliamperes of standby current and 
110 milliamperes during interrogations a t  12 vol t s  nominal. The power supplies 
were designed f o r  1-minute interrogations during each orbit; o rb i t a l  periods 
were approximately 100 minutes and o rb i t a l  dark times varied from 0 t o  35 per- 
cent of each o rb i t a l  period. 
ized at  200 r p m  at launch, but w a s  expected t o  tumble at  approximately 20 rpm 
a f t e r  several weeks. 

I n  addition, the s a t e l l i t e  w a s  t o  be spin s tab i l -  

I n  addition t o  the  solar  ce l l s  used f o r  power, f i ve  groups of solar  ce l l s  
were mounted on the forward she l l  t o  obtain data on the re la t ive  effectiveness 
of protective covers f o r  t he  cel ls .  

SECTION I1 - POWER-SUPPLY SOLAR CELLS 

General.- The mounting arrangement of the  so la r  ce l l s  on the  forward she l l  
i s  shown i n  figures V-1  and IV-33. Since the  payload w a s  not separated from 
the  f i n a l  rocket motor, and because of the  l imited diameter of the heat shield, 
it w a s  not prac t ica l  t o  have ce l l s  facing aft .  
plies,  one t r a y  w a s  located on the  forward end of the forward she l l  and four 
were equally spaced around the  cylindrical  surfacs. 
having ce l l s  on f ive  sides of a cube f o r  each power supply. 
a r e  solar-cel l  t e s t  groups and are  not connected t o  the  power supplies; these 
a re  described l a t e r .  

For each of the  two power sup- 

This w a s  equivalent t o  
The smaller t rays  

Figure V-2 i s  a photograph of a typ ica l  solar-cel l  tray, and f igure V-3 
i s  a drawing of a t r a y  mounted on the  aluminum heat-transfer band. A ra ther  
st iff  t r a y  with f lex ib le  mounting brackets w a s  considered necessary because the  
forward she l l  (especially i n  i t s  early design) could possibly experience high- 
amplitude vibrational deflections during the  launch operations. 
cells ,  i n  eight 5-cell  "shingles," were cemented t o  the 1/8-inch-thick 

Forty so la r  
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magnesium alloy base of the  tray.  The 
magnesium alloy w a s  chemically treated 
t o  provide for the  e lec t r ica l  insulation 
of the  ce l l s  and t o  improve the cement 
bond. 

For thermal-balance requirements, 
the external metal surfaces were coated 
with an aluminum oxide coating. For 
good heat t ransfer  between the trays and 
the aluminum band, the surfaces i n  con- 
t ac t  were l e f t  bare, and those closely 
spaced were coated with f l a t  black paint. 
Since the  transmission of the fused 
quartz windows is  low f o r  infrared radia- 
tion, most of the excess energy absorbed 
by the solar ce l l s  had t o  be conducted 
out through the base t o  be radiated by 
other external surf aces. Hence, coatings 
or glass covers designed t o  improve the 
emissivity of the  ce l l s  were not used, 
and l o w  absorptivity w a s  specified f o r  
the other exposed surfaces under the 
windows. 

Cements.- A number of materials were 
investigated t o  find one suitable for 
cementing the solar  ce l l s  t o  the trays 
and f o r  coating the exposed surfaces 
between and around the cel ls .  The cement 
had t o  provide good thermal conduction, 
and had t o  be f lexible  enough t o  isolate  
the f r ag i l e  ce l l s  from mechanically and 
thermally induced stresses.  The l a t t e r  

L-61-2146 
Figure V-1.- Nose shell of Explorer XI11 

showing solar-cell trays. 

w a s  c r i t i c a l  since the thermal coefficient of expansion of s i l icon is  
2.5 x lom6 in./in./OC compared with a x I O m 6  in./in./OC for the magnesium alloy, 
and the preliminary estimate of the expected solar-cell-temperature range was 
from -650 C t o  +l350 C. 
t e s t s  were made t o  determine relat ive f lex ib i l i ty ,  immunity t o  a vacuum, and 
resistance to ul t raviolet  and ionized-particle radiation. 

The cement also had t o  withstand the space environment; 

Silicone rubber cements were among those investigated. The one selected 
i s  a white, room-temperature-cured sil icone rubber tha t  remains f lexible  down 
t o  approximately -TO0 C. 
application when the surfaces were primed as recommended. It w a s  found t o  have 
a solar absorptivity of 0.32, and i ts  properties were unaffected when subjected 
t o  ultraviolet  radiation at elevated temperatures. I ts  thermal conductivity of 
7.44 x 10-4 gm cal-cm/cm2/sec/oC compares favorably with other cements. 
trouble w a s  experienced with entrapped gas, and i ts  r a t e  of weight loss i n  a 
high vacuum w a s  found to be relatively low.  

Its adhesive properties were excellent fo r  t h i s  

No 

This cement w a s  subjected t o  
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-SILICON SOLAR CELLS ( ( 8  GROUPS OF 5 CELLS) 

ies t ing,  and negligible damage was found. 

I 

'I. 
i, P 

(_,.062 THICK FUSED 
SILICA GLASS -FEEDTHROUGH TERMINAL 

0.031 STEEL NOSE CONE 

0.10 ALUMINUM HEAT-TRANSFER BAND 

MAGNESIUM BASE 

Figure V-3.- Drawing of power solar-cel l  tray. 

i n  conjunction with solar-cel l  

Windows.- Fused quartz windows 1/16 inch thick ( f i g .  V-3) were used t o  
help protect the so la r  ce l l s  from possible damage by ionized pa r t i c l e  radia- 
t ion  and micrometeorites. 
the windows from the s t resses  of launch vibrations and temperature Changes. 
The gaskets suffered only minor surface hardening when subjected t o  u l t rav io le t  
i r rad ia t ion  at  elevated temperatures. 

A molded s i l icone rubber gasket w a s  used t o  cushion 

The fused quartz was found t o  transmit 93 percent of normally incident 
l i gh t  i n  the  spectral  range of the solar  ce l l s .  
exter ior  surface with f ine  alumina t o  approximate the possible e f fec ts  of 
micrometeorite erosion was found t o  reduce the 93-percent transmission t o  
89 percent. 
not be appreciably darkened by pa r t i c l e  radiation i n  the expected orb i t .  
a r t i f i c i a l  electron b e l t  did not ex i s t  at  t h i s  time.) 

Thoroughly sandblasting the 

Proton i r rad ia t ion  t e s t s  ( r e f .  V-1)  showed tha t  the quartz should 
(The 

Solar-Cell Characteristics.- The nongridded s i l icon  so lar  ce l l s  used f o r  
the power supplies were 1 by 2 centimeters i n  size, and were the P on N 
junction type. 
glass  covers. 
This efficiency rating w a s  based on the  maximum power output at 27O C when 
illuminated by the  sun under standardized conditions on the surface of the earth 
(one air m a s s  o r  The actual  efficiency i n  space at  270 c w a s  estimated 
to be 0.83 of the  nominal value because a large par t  of the  increased solar  
energy available above the  atmosphere (140 mw/cm2) falls outside of the spectral  
range of the  so la r  c e l l s  ( refs .  V-2 and V-3).  

They were supplied i n  f ive-cel l  shingles without coatings or 
The nominal efficiency of t he  ce l l s  varied from 8 t o  9 percent. 

m = 1) .' 
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Tungsten filament lamps, with t h e i r  voltages adjusted t o  give filament 
temperatures of 2,900 k 1000 K were used with a 1-inch-thick water f i l t e r  when 
determining the  output of the solar  ce l l s .  
with a "standard" solar  c e l l  which w a s  calibrated under standardized conditions 
i n  sunlight (m = l), and i n  l i g h t  from tungsten lamps when using the same type 
of f i l t e r  and range of filament temperatures. 

The l i g h t  intensi ty  w a s  monitored 

The curves of current output plotted against voltage at  various tempera- 
tures  f o r  a ty-pical solar-cell. t r a y  of 40 series-connected ce l l s  i s  shown i n  
figure V-4. The points of m a x i m u m  power output are indicated. 
the  l i g h t  in tens i ty  w a s  adjusted t o  be equivalent t o  one solar  constant 
(140 x 0.83 = 116 mw/cm2 as measured with a calibrated standard solar  ce l l ) .  
It w i l l  be noted tha t  the ce l l s  are essent ia l ly  constant current generators up 
t o  a voltage tha t  i s  dependent on temperature. The operating voltage i s  fixed 
by the  load, and i n  t h i s  power supply, i s  primarily fixed by the ba t te r ies .  A 
typ ica l  value of 14.8 volts  (0.37 vol t /ce l l )  i s  indicated i n  figure V-4. The 
ef fec t  of temperature on output, when charging ba t t e r i e s  at  a nearly constant 
voltage, i s  fur ther  i l l u s t r a t ed  i n  figure V-5 where the  data of figure V-4 are 
plotted as current and power output, a t  14.8 volts,  as a function of temperature. 
Since l i t e r a t u r e  on solar  ce l l s  often gives the  change i n  maximum power with 
temperature, the measured values of t h i s  parameter are shorn 

I n  these t e s t s  

Y) 0 

0) n 
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3 .e 

E 

L 

al * 
a 0 

L 

n 
0 
3 0 

6 

Points of maximum power output,- 

10 12 

Output voltage. volts 

=T 

'\ -- 
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'\ 

fo r  comparison. 
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I .  
16 18 20 

Figure V-4.- Variation of output current Kith voltage and temperature of a typical pater solar-ceSI 
t ray.  
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Figure V-5.- Variation of output current and power with 
temperature of a typ ica l  power solar-cell t ray.  

Effect of Vehicle A t t i -  
tude.- The effect  of the vehi- 
cle a t t i tude  on the  output of 
the solar  ce l l s  with respect 
t o  the sun w a s  important 
because the  vehicle had no 
ce l l s  facing a f t ,  and w a s  
expected t o  remain spin sta- 
b i l ized  only a short time. 
Also, the  information w a s  
required t o  avoid an i n i t i a l  
spin-stabilized a t t i t ude  with 
insuff ic ient  solar-cell  i l l u m i -  
nation. The output of a solar  
c e l l  i s  approximately propor- 
t i ona l  t o  the projected i l l u -  
minated area and hence t o  the 
cos,ine of the angle of t he  
incident l i gh t .  Measured 
values of the percent reduction 
of output current a re  plot ted 
against incidence angle i n  f ig-  
ure V-6 with a cosine curve 
shown f o r  comparison. Currents 
were measured under simulated 
bat tery charging conditions 
using a f ive-cel l  shingle. A 
quartz window was mounted over 
the ce l l s  during the  t e s t ,  but 

t he  effects  of the  tray-edge shadows were not simulated. 
ure V-6 i s  a curve obtained i n  a similar manner with the sandblasted window 
(mentioned previously) mounted over the ce l l s .  This curve i l l u s t r a t e s  the pos- 
s ib l e  effects  of micrometeorite erosion, but the data were not used i n  the fo l -  
lowing computations. 

Also shown i n  f ig-  

Figure V-7 gives the predicted combined percentage of output of the solar  
ce l l s  of one power supply plotted against sun incidence angle computed from the  
experimentally determined values of figure V-6. 
t ha t  the vehicle w a s  i n  a pure tumbling mode (no r o l l ) ,  and tha t  the rays of 
the sun, the vehicle r o l l  axis, and the normal t o  the three t rays  involved were 
i n  the same plane (see sketch i n  f ig .  V-7). 
put referred t o  one t r ay  illuminated at  noma1 in'cidence, and hence i s  the per- 
centage t o  be applied t o  the output values given i n  figures V-4 and V-5. 
computation merely required the graphical or  numerical summation of the  instan- 
taneous output of each illuminated t ray.  
computed from the idea l  cosine curve. 
rec t i f ied  sinusoidal wave i s  
tumbling, of the  three t rays  i s  3/31 
illuminated at normal incidence. 
from the  area under the  curve of figure V-7 obtained from measured values. It 
can be shown tha t  t h i s  should be very close t o  the minimum output averaged over 
any complete cycle of tumbling. 

I n  t h i s  case, it w a s  assumed 

The ordinate i s  the re la t ive  out- 

The 

The re la t ive  output i s  a l so  shown as 

l/n, the  idea l  average output, over one cycle of 
Since the average value of a half-wave 

times, o r  95.5 percent of t ha t  of one t r ay  
This compares with a value of 87 percent found 



1 i I i . - I  :---- Lovered w i t h  c l e a r  fused quartz 

If t h e  vehicle i s  assumed t o  be spin 
s tab i l ized  with the  sun vector normal t o  

0 20 

t h e  vehicle axis, four t rays  are i l l u -  
minated i n  sequence, and t h e  idea l  aver- 
age output i s  4/71 t i m e s  (127 percent) 
t h a t  of one t ray .  By using measured 
values, t he  corresponding average w a s  
found t o  be 116 percent of one t ray .  
%he more general case where t h e  vehicle 

t h e  axis, t h e  computation i s  more 
involved. When t h e  sun is  forward of 
t h e  vehicle equator, a m a x i m u m  of three 
t r ays  can be illuminated at  one time. 
When t h e  vehicle i s  i n  a pure spinning 
mode, t h e  t r a y  on the  forward end has a 
constant i dea l  f rac t iona l  output of 
cos (6. From spherical  trigonometry, t he  
cosine of t he  angle between the  sun vec- 
t o r  and t h e  normal t o  a reference t r ay  
on the  cyl indrical  surface i s  
s i n  (6 cos 0 ,  where (6 i s  the  angle 
between the  sun vector and the  vehicle 

ured from the  normal of t h e  reference 
t ray .  
The cosine of t he  corresponding incident 

I n  I 

-_-Covered w i t h  sand-blasted quartz 

Cosine curve 

90 

80 

I i s  spinning but t he  sun i s  not normal t o  

loo 40 60 80 

Angle, degrees 

Figure V-6.- Variation of solar-cel l  output ax is ,  and 8 i s  the  angle i n  r o l l  meas- 
current with angle of incident l ight .  

(Refer t o  the  sketch i n  f i g .  V-8.) 

angle of t h e  illuminated t r a y  adjacent t o  t he  reference t r a y  i s  
s i n  (6 cos(g0 - e )  
put of t he  three  illuminated t rays  is:  

o r  s i n  (6 s i n  0 .  Hence, t he  combined f rac t iona l  idea l  out- 

cos $ + s i n  (6 cos 0 + s i n  (6 s i n  e 

The average of t h i s  expression over a period of roll is:  

4 cos $ + - s i n  (6 
K 

When the angle (6 
forward end i s  not illuminated, and t h e  first term i n  each of these expressions 
becomes zero. The idea l  average output while spinning, computed from t h e  
second expression f o r  values of (6 
curve of f igure  V-8. 
based on the  experimental results of f igure V-6 (with c lear  quartz). 
computed, at  each 10' increment of $, by subst i tut ing measured values f o r  each 
of t h e  terms i n  the  first of t h e  above expressions t o  ge t  var ia t ion i n  t h e  com- 
bined output over 90' of roll. The averages were then obtained with the  trape- 
zoidal rule. 

( f ig .  V-8) i s  grea te r  than goo, t he  solar-cel l  t r a y  on the  

from Oo t o  180°, i s  shown as the  dotted 
The so l id  curve gives the  corresponding predicted values 

These were 

When all t h e  components of a power supply were available, a completed for- 
@ while illuminated by ward s h e l l  w a s  rotated by a motor t o  various angles of 
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the  sun on a clear  day. 
supply circuit ,  the  combined solar-cel l  current w a s  plotted against angle of 
rotation on an X-Y p lo t t e r .  
It w a s  plotted a t  
passed over the ce l l s .  The average values obtained from the  areas under these 
curves a re  presented as the circled data points i n  figure V-8. 
not pract ical  t o  eliminate a l l  reflected sunlight, par t icular ly  when 
close t o  900, some of the values a re  too high. All of the  circled data points 
should be below the  predicted curve because shadows from the  t ray  edge and the 
antennas were not considered i n  the prediction. Antenna shadows appeared on 
the t rays  between $ of 1050 and l35O, and t h e i r  effect  on the average output 
i s  noticeable but not excessive. This e f fec t  i s  due, i n  part, t o  the f a c t  t ha t  
at the time antenna shadows f a l l  on a tray, another t r a y  i s  illuminated and i s  
therefore f r ee  of shadows. Figure V-8 indicates t ha t  while the vehicle i s  spin 
stabil ized, an output almost equal t o  o r  greater  than tha t  of one t r a y  normally 
illuminated i s  predicted f o r  6 from 0' t o  120'. This range approximately 

With the f ive  t rays  properly connected i n  the power- 

Figure V-9 i s  an example of the curves obtained. 
$ = U O 0 ,  and the ragged dips occurred as the antenna shadows 

Since it was 
$ w a s  

determines 
at orb it a1 

the iimits on the angle between the  vehicle axis and the sun vector 
injection. 
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Figure V-9.- Output of solar cells with vehicle spin s tabi l ized at fl = U O 0 .  
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The output of the solar  ce l l s  a f t e r  tumbling begins i s  d l f f i c u l t  t o  pre- 
After a l l  r o l l  motions have ceased, the average output during tumbling d ic t .  

could vary from the minimum of 87 percent as i l l u s t r a t ed  by figure V-7 t o  a 
maxim of about 136 percent. This m a x i m  would occur when the  sun vector i s  
normal t o  the vehicle r o l l  axis and midway between two trays.  I n  general, the  
average output during tumbling ( i n  each period of o rb i t a l  sunlight)  should 
approach the long-term average computed f o r  random orientation t o  the sun, 
par t icular ly  when there i s  s t i l l  some r o l l  coupled with the tumbling motions. 
If a single solar  c e l l  or single t r a y  of solar  ce l l s  is  randomly oriented t o  
the sun, it can be shown (appendix A )  t ha t  i t s  long-term idea l  average output 
w i l l  be one-fourth of i t s  output at  normal incidence. 
each power supply were expected t o  have a combined idea l  average percentage out- 
put of 125 during random tumbling. 
the incremental sol id  angles involved (appendix B), the  sol id  curve of f ig-  
ure V-8 w a s  numerically integrated t o  obtain a value of lo5 percent with respect 
t o  one t r ay  at  normal incidence f o r  the  output during random tumbling based on 
measured values. This w a s  rounded off t o  100 percent f o r  estimation? purposes. 

Hence, the f ive  t rays  i n  

By using weighting factors  proportional t o  

The output of the power solar-cel l  t rays  due t o  reflected l i g h t  from the 
The additional output i s  dif-  earth w a s  omitted i n  the preceding discussion. 

f i c u l t  t o  predict, and i n  general, it w i l l  be small because when ba t t e r i e s  a re  
being charged, the output of a t r a y  drops rapidly at low l igh t  in tens i t ies .  

Qualifying Tests.- Before the shingles were cemented t o  the trays, they 
were all given a ser ies  of t e s t s  t o  eliminate defective uni t s  and t o  determine 
t h e i r  e l ec t r i ca l  characterist ics.  To check f o r  defective in t e rce l l  bonds, the 
shingles were mechanically loaded i n  bending with a 25O-gram weight while 
resting on supports 4.4 centimeters apart. 
values of short-circuit  current, open-circuit voltage, output current at  1.85 
vol t s  (0.37 vol t /ce l l ) ,  and output voltage a t  36 ma were obtained. The accept- 
able ce l l s  were matched t o  provide the most e f f ic ien t  operation when connected 
i n  ser ies  on a t ray.  Emphasis was placed on current a t  1.85 volts, and on the 
general shape of the current-voltage curve. 
each supply were also selected t o  have approximately the same character is t ics .  

I n  the  routine e l ec t r i ca l  t es t s ,  

The ce l l s  f o r  the various t rays  of 

The acceptable ce l l s  with the lowest output were cemented t o  t rays  f o r  the 
prototype vehicle. 
i n  chapter V I 1  both individually and while mounted on the forward shel l .  
sequent t rays  were only given vacuum and temperature cycling t e s t s  before 
ins ta l la t ion .  Environmental t es t ing  a f t e r  ins ta l la t ion  w a s  considered more 
r e a l i s t i c  - part icular ly  vibration and impact t e s t s  because of the very large 
amplifications experienced. In i t i a l ly ,  and a f t e r  each t e s t ,  the  t rays  were 
illuminated t o  obtain the  four parameters l i s t e d  i n  connection with the shingle 
t e s t s .  
plotted against voltage f o r  each t ray.  

These were subjected t o  the environmental t e s t s  described 
Sub- 

Finally, data were taken t o  obtain the curve of room-temperature current 

Proton Irradiat ion Tests.- The quartz windows were expected t o  give some 
shielding from the  electrons and low-energy protons i n  space, but there was 
concern about the effects  of high-energy protons, especially since the  i n i t i a l  
estimate of apogee w a s  1,275 miles. 
at  t h i s  t i m e . )  
Center t o  subject electronic components t o  proton irradiation, various types of 

(The a r t i f i c i a l  electron b e l t  did not ex i s t  
Hence, when a program w a s  i n i t i a t ed  at  the  NASA Langley Research 
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so lar  ce l l s  were included. A number of t e s t s  were made on ce l l s  ordered f o r  
Explorer XIII. 
with proton energies of 22 and 240 MeV. Later unreported t e s t s  were made at  
40 and 440 Mev as well as additional t e s t s  at 22 and 240 Mev. The damage r a t e  
varied with proton energy, and w a s  not the  same f o r  supposedly ident ical  cells ,  
but the curve i n  f igure V-10 i s  thought t o  be a typ ica l  plot  of the degradation 
of the output current against integrated proton f lux.  
dicted orbit, 500 protons/cm2/sec be assumed for the  f lux  of re la t ively high- 
energy protons, the curve of figure V-10 shows t h a t  the  solar  ce l l s  w i l l  be 
degraded 9 percent i n  1 year. 

Reference 1 gives the  resu l t s  from the preliminary t e s t s  made 

If f o r  the  f ina l ly  pre- 

SECTION I11 - BATTERIES 

General.- The bat tery ce l l s  used were the  sealed, nickel-cadmium, "button"- 
type ce l l s .  Their capacity rating w a s  700 milliampere-hours (mah) and i n  each 
power supply, 10 ce l l s  were connected i n  ser ies  t o  make a nominal 12-volt bat- 
tery.  A bat tery before potting i s  shown i n  f igure V-11. The blocking diodes, 
described l a t e r ,  were a l so  ins ta l led  i n  the  5.5-inch-diameter, 1-inch-thick 
secondary bat tery module. To  a id  i n  sealing the cells,  and t o  prevent working 
of the  cases under in te rna l  pressure, the ce l l s  were potted i n  an unfi l led epoxy 
resin.  

A number of considerations influenced the  selection of these ce l l s  f o r  t h i s  
.application. A c e l l  with a welded case closure and glass-to-metal seals  around 

0 .2 .4 .6  

. 

.8 1.0 1.2 

Total integrated flux. protonslcm' 
1.4 1.6 1.8 2.0 x 101 

Figure V-10.- Degradation of sol&-cell output-current with integrated proton flux in a 240 Mev 
proton beam. 
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t h e  e l ec t r i ca l  leads w a s  desired but w a s  
considered too large.  Instead, it w a s  
decided t o  use the  button c e l l s  having 
p l a s t i c  seals, t o  pot them i n  epoxy, and 
t o  i n s t a l l  them i n  the pressurized 
telemeter canisters.  I n  addition, it 
w a s  found tha t  i n  the small c e l l  s ize  
desired, the  f l a t  plates  i n  the  button 
ce l l s  were l e s s  l i a b l e  t o  short as the 
separator material deteriorated than 
c e l l s  employing the wrapped-plate con- 
struction. For long cyclic l i f e ,  it i s  
generally recommended tha t  the discharge 
per cycle be l e s s  than 10 percent of 
capacity. I n  t h i s  power supply, the 
maximum discharge per orb i t  is  l e s s  than 
2 percent of capacity even when inter-  
rogations are  made i n  darkness. How- 
ever, it w a s  decided that the  1 1 5 - m a  
load during interrogations would 
adversely affect  the l i f e  of a c e l l  with 
a capacity of much l e s s  than 500 m a h .  
I n  addition, as explained la te r ,  a 
smaller c e l l  would be more d i f f i c u l t  t o  
protect from overcharging. 

L-60-7065 
Figure V-U.-  Secondary nickel-cadmium 

battery module before potting. 

Battery Cell Characteristics.- Figure V-12 gives two voltage-time curves 
of a typical  10-cell bat tery used on Explorer XI11 taken at  room temperature 
while being discharged at 100 ma.  This w a s  the discharge current at  which the 
nominal capacity of 500 m a h  w a s  rated. When obtaining the sol id  curve, dis- 
charge w a s  s tar ted immediately after overcharging at 30 m a .  For the dotted 
curve, the  bat tery w a s  i n i t i a l l y  being overcharged but was discharged at  10 m a  
f o r  35 minutes ( m a x i m u m  expected o rb i t a l  darkness) before s t a r t  of the 100-ma 
discharge. These voltages vary with temperature and discharge r a t e  and, as 
i l lus t ra ted ,  are  considerably influenced by pr ior  operating conditions. The 
upper curve of figure V-13 gives the discharge voltage plotted against the tem- 
perature of a typical  bat tery when interrogations i n  o rb i t a l  sunlight were 
simulated. The readings were taken near the end of the  1-minute interrogation, 
and the  bat tery w a s  sugplying about 75 m a  ( the solar  ce l l s  supplied the r e s t  of 
the load). The lower curve gives the  voltages obtained with conditions the  
same except interrogations i n  darkness were simulated. The battery w a s  sup- 
plying the  en t i re  110-ma load, and before interrogation, had been supplying the  
10-ma standby load. 
(simulated orbi ts)  t o  allow time f o r  the  cyclic voltages t o  s e t t l e  down. 

I n  each case, readings were taken a f t e r  10 or  more cycles 

For long l i fe ,  the  charging voltage of sealed nickel-cadmium ce l l s  should 
be limited t o  prevent i r revers ible  formation of hydrogen gas. 
value i s  thought t o  be from 1.43 t o  1.50 vol t s  per cel l ,  and t o  allow f o r  c e l l  
differences, a value of 14.2 vol t s  w a s  used f o r  the  10-cell ba t te r ies .  
curves of f igure V-14 r e l a t e  charging voltage, charging current, and tempera- 
t u re  at  two t y p i c d  charging conditions. 

The m a x i m u m  safe 

The 

The data f o r  t he  sol id  curves w e r e  
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Overcharging during latter part of orbital sunlit periods 

-_____ Charging near beginning of orbital sunlit periods 
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Figure V-14.- Relations between charging voltage, current, and temperature of a typical  battery a t  
two simulated orb i ta l  conditions. 

taken a f t e r  overcharging f o r  30 minutes a t  each current t o  simulate conditions 
during the l a t t e r  par t  of the o rb i t a l  sunl i t  periods. For the dotted curves, 
the  bat tery w a s  i n i t i a l l y  f u l l y  charged, then discharged at  10 m a  f o r  35 min- 
utes, before charging at  the indicated current f o r  2 minutes. This simulated 
conditions near the beginning of the o rb i t a l  sunl i t  periods. Since high bat tery 
temperatures are associated with 100-percent sun, only the  overcharging curve 
i s  shown f o r  49O C. 
charging rate, par t icular ly  when overcharging, must be sharply l imited t o  pre- 
vent excessively high voltages. A t  high temperatures, the voltages are  inher- 
ently low, but overcharging currents m u s t  s t i l l  be limited t o  prevent excessive 
in te rna l  temperatures and pressures. 
charging current at voltages below the allowed maximum.  

It w i l l  be noted tha t  at  low bat tery temperatures the 

It w a s  decided tha t  40 m a  w a s  a safe over- 

Another character is t ic  of these ce l l s  t ha t  should be mentioned is  the pos- 
s i b i l i t y  of reversed polar i ty  when they are  discharged below about 0.9 volt .  
When a number of ce l l s  i n  se r ies  a re  nearly discharged the  lowest capacity c e l l  
may reverse while the t o t a l  voltage i s  s t i l l  reasonably high. The discharge 
current of the  other ce l l s  w i l l  then attempt t o  charge it i n  the reverse direc- 
t ion.  This resu l t s  i n  rapid gas formation, and i f  a reversal  occurs while bat- 
t e r y  discharge currents are high, a c e l l  may actually explode. To prevent c e l l  
reversals, a bat tery should be made from matched ce l l s  thoroughly tes ted t o  
eliminate defective cells,  should not be f i l l y  discharged at high rates,  and 
above a l l ,  should not be shorted. 
telemetry, these precautions were not s t r i c t l y  observed, and the damaged bat tery 
described i n  chapter VI1 w a s  the resu l t .  

I n  the  early phases of tes t ing  the prototype 



Qualifying Tests.- Since t h i s  button-type bat tery c e l l  w a s  not designed 
f o r  space applications, and since the  ce l l s  received had not been tes ted by the 
manufacturer, considerable a t tent ion was given t o  t e s t s  designed t o  detect  sub- 
standard ce l l s .  This tes t ing  had t o  be l imited so as not t o  a f fec t  the c e l l  
l i fe t ime appreciably. 
sample cel ls ,  it was decided t o  make the following t e s t s  on a l l  ce l l s  before 
they were assembled as bat ter ies :  

After making a number of inquiries and thoroughly tes t ing  

1. Exercising cycle: Start ing with the  ce l l s  completely discharged as 
received, charge a t  40 ma f o r  16 hours, and then a t  30 ma f o r  4 hours; 
discharge a t  100 ma f o r  4 hours. 

2. Temperature cycles: 
a t  room temperature, lower c e l l  temperature t o  -10' C and charge a t  
10 m a  for 1 hour, then discharge at 100 m a  f o r  1 hour, return ce l l s  
t o  room temperature and again recharge t o  85 percent of capacity. 
4 9 O  C, charge a t  30 ma f o r  1 hour, then discharge a t  100 ma f o r  1 hour. 
A t  room temperature, discharge at  100 m a  f o r  2 hours. 

After recharging the c e l l  t o  85 percent of capacity 

A t  

3 .  Electrolyte leakage: After cleaning each c e l l  with alcohol, charge at 
50 m a  f o r  2 hours, and then at  40 m a  f o r  5 hours. Discharge a t  100 m a  
down t o  1.1 vol t s  per ce l l .  Use saturated solution of phenolphthalein 
t o  look f o r  evidence of a lkal ini ty .  

4. Internal  e l ec t r i ca l  leakage: Charge t o  10 percent of capacity and 
leave f o r  1 week. 

5 .  Total capacity cycle: Charge a t  40 m a  f o r  16 hours, and then at  30 m a  
f o r  4 hours; discharge a t  100 m a  down t o  1.1 volts  per cell ;  -3.ndi- 
vidually discharge a t  30 m a  o r  l e s s  down t o  1.0 vol t .  

During these tests, 12 ce l l s  were connected i n  ser ies  while i n  a simple t e s t  
t ray  ( f ig .  V-15) .  
behavior w a s  noted. 

Voltage readings were taken periodically, and any abnormal 

I n  the first order of 120 ce l l s  only 15 percent were found t o  be acceptable. 
Some of the re jec ts  had defective seals, but the majority of them gradually 
developed excessive in te rna l  resistance, and some became unstable. Internal  
examination revealed corrosion of the  area where the combination loading spring 
and e l ec t r i ca l  lead contacted the case. 

The supplier then furnished redesigned ce l l s  with th in  s ta inless-s teel  
tabs spotwelded t o  each outer p la te  and t o  the  appropriate half of the  case. 
About 200 of these improved ce l l s  were tes ted  and no defects were found i n  
approximately 75 percent of them. 

After the ce l l s  were potted i n  battery modules, they were given another 
complete charge and discharge cycle. 
spacecraft were subjected t o  the environmental t e s t s  described i n  chapter VII, 
both individually and while mounted i n  the  telemetry assembly. 
t e r i e s  were environmentally tes ted as part  of the  telemetry assembly. 
t e s t s  included simulation of o rb i t a l  cyclic conditions f o r  several days. 

The bat tery modules f o r  the prototype 

Subsequent bat- 
These 



During the  several months between battery 
ins ta l la t ion  and vehicle launch, they 
were l e f t  unchanged whenever possible, 
and while charged but not i n  use they 
were t r i c k l e  charged. Approximately 
1 week before launching, the  ba t te r ies  
were conditioned by a complete discharge 
and recharge cycle. 

SECTION IV - COMPLETE 

POWER-SUPPLY SYSTEM 

Description.- Figure v-16 shows a 
simplified schematic diagram of each of 
the two power supplies. 
marked with a cross were available f o r  
external measurement of current and volt- 
age during ground tes t ing.  
f i ve  solar-cel l  t rays  w a s  connected 
through a blocking diode t o  the  nominally 
12-volt buss. 
diodes were used t o  prevent the bat tery 
discharging through the solar  ce l l s  when 
they were not illuminated. Over the  cur- 
rent and temperature ranges of i n t e re s t  
the forward voltage drop of these diodes 
varied from 0.68 t o  0.78 volt, with 
0.75 vol t  being a typical  value. The 
reverse leakage current per diode w a s  

The points 

Each of the 

The type 1N538 blocking 

Solar- 
cel l  
trays 

Blocking 
diodes 
1N538 

1 

Ni-Cd 
battery 

To charging c i r c u i t  dc-L-z-l 

To external power 
L 2 

< 

1M6.BZ 
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1M7.5Z 
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L-60-3179 
Figure V-15.- Nickel-cadmium cell test tray. 
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Figure v-16.- Simplified schematic of power supply. 
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less than 0.2 pa, even at  ma.ximum expected temperature. 
i s  shown i n  f igure V - l l .  

The diode ins ta l la t ion  

The zener diodes were used t o  protect the ba t t e r i e s  from excessive charging 
voltages and currents. 
ages be w e l l  matched over the  expected temperature range t o  insure adequate bat- 
t e r y  charging as w e l l  as protection, and t o  minimize bat tery drain by the zeners 
during o rb i t a l  darkness. Unfortunately, t he  e f fec t  of temperature on the  bat- 
t e ry  charging voltages ( f ig .  V-14) w a s  opposite t o  tha t  on the  voltage of high- 
voltage type of zeners, and the  temperature coefficient of zeners increased with 
nominal voltage rating. 
series,  one having a nominal zener voltage of 6.8 vol ts  and the other 7.5 volts, 
giving a t o t a l  nominal value of 14-3 vol t s -  

It w a s  necessary t h a t  zener voltages and bat tery volt- 

It w a s  decided t o  use two 1 - w a t t ,  1-percent zeners i n  

As indicated i n  figures I V - 3  and 
IV-4, the  zeners are  ins ta l led  on top of the telemetry assembly, where they 

I 
I I I I 

I 
I 
I 
I 
I 
'C 

13.5 13.7 13.9 14.1 14.3 

Zener voltage, volts 

14.5 

Figure V-17.- Relations between voltage, current, and temperature 
f o r  a typical  pa i r  of zener diodes i n  ser ies .  

would be -a t  about the same 
temperature as the  bat- 
t e r i e s .  Figure V-17 gives 
the  relations 'between meas- 
ured voltage, current, and 
temperature f o r  a typical  
pa i r  of zener diodes i n  
ser ies .  

System Operation.- 
Figure V-18 i l l u s t r a t e s  
the graphical method used 
t o  help t o  predict the 
power-supply buss voltages 
and the division of cur- 
rents during various 
charging conditions i n  
orbit ,  par t icular ly  
when considering vari- 
ous zener diode c i r -  
cui ts .  The solar-cell- 
output currents shown are  
those given by the appro- 
pr ia te  temperature curve 
of f igure V-4 multiplied 
by the applicable a t t i t ude  
fac tor  from f igure V-8. 
The other curves were 
obtained by adding a 
standby load current of 
10  m a  t o  the sum of the  
battery- charging currents 
from figure V-14 and the 
zener currents from f ig-  
ure V-17, at the same volt- 
ages and temperatures. 
The operating points of 
i n t e re s t  are obviously 
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Figure v-18.- Graphical determination of power-supply voltages and currents f o r  several extreme 
standby conditions i n  sunlight. 

t h e  intersect ions of t he  appropriate solar-cell-output curves and t o t a l  load 
curves. 
and zener currents can be obtained from f igures  V-14 and V-17, respectively. 
Several extreme conditions are i l lus t ra ted ,  and t h e  predicted battery currents 
are l i s t e d  i n  f igure v-18. I n  each case, t h e  maximum permitted charging volt-  
ages and currents were not exceeded. However, when the  temperatures (and the  
percent t i m e  i n  sunlight) are near m a x i m u m ,  t he  zener diodes give very l i t t l e  
protection against excessive overcharging currents. This lack of protection 
required t h a t  a launch time be selected t h a t  would give e i ther  moderate telem- 
e t r y  temperatures while spin s tab i l ized  or a s tab i l ized  a t t i t ude  prohibit ing 
maximum solar-cell  output. I n  reference t o  the  discussion of so la r  cel ls ,  it 
w a s  unlikely t h a t  sustained overcharging above 40 m a  would occur while t he  
ba t t e r i e s  a re  a t  elevated temperatures after t h e  onset of tumbling. 

These intersect ions determine the  buss voltage, and then the  ba t te ry  

It i s  during the  coldest orbits,  when t i m e  i n  darkness i s  m a x i m u m  and 
telemeter temperatures are low, tha t  recharging of t he  ba t te r ies  i s  slowest. 
Fortunately, in te rna l  ba t te ry  leakage i s  lowest at  t h i s  t i m e  and recharging i s  
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qui te  e f f i c i en t .  T e s t s  were made t o  simulate o r b i t a l  conditions f o r  several  
days t o  see i f  t he  ba t t e r i e s  were bing adequately protected and recharged a t  
various extreme conditions. 
fourteenth cycle at coldest simulated o r b i t a l  conditions, of bat tery voltage 
and current, and zener current, with t h e  simulated solar-cell-output current 
kept at 40 m a ,  
f o r  a well-charged bat tery.  The i n i t i a l  ba t te ry  charging current w a s  higher 
than inferred by f igure v-18 because interrogations were made a t  the  end of t he  
simulated dark periods. I n  the  cycle tests, when 25-percent degradation of 
solar-cell-output current ( f i g .  v-18) w a s  simulated, recharging of t h e  ba t t e r i e s  
w a s  s t i l l  adequate a t  intermediate and elevated temperatures, but w a s  marginal 
under coldest o r b i t a l  conditions. 

Figure V-19 shows the  recorded history, during the  

Various points on the  curves agree with those previously found 

SECTION V - SOLAR-CELL TEST GROUPS 

I n  addition t o  the  previously described so la r  c e l l s  used i n  t h e  power- 
supply system, f i v e  groups of s o l a r  c e l l s  - each consisting of a 5-cel l  shingle - 
were mounted on the  forward s h e l l  t o  obtain da ta  on t h e  r e l a t ive  effectiveness 
of protective covers f o r  t h e  c e l l s  and t o  give an indication of t he  a t t i t ude  of 
t he  vehicle. Three of these shingles can be seen mounted on the  forward s h e l l  

14.2 - T I 1 1 1  

Lorbitel slnligh: -&O:bital darkness -&Orbital sunligh: 4 
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Figure V-19.- History of battery voltage, battery current, 
and zener current during sirmilation of coldest orbit .  

i n  f igure V - 1  (on upper end of 
t he  spacecraft i n  t he  photo- 
graph). One of these w a s  pro- 
tec ted  with a 1/16-inch-thick 
quartz window; one had 6 - m i i -  
th ick  glass  s l i des  cemented t o  
the  cells;  t he  other had bare 
ce l l s .  The la t te r  two shingles 
were cemented t o  t h e  same t ray .  
Since the  three shingles had 
the  same orientation t o  the sun, 
and since t h e i r  output voltages 
were telemetered on consecutive 
frequency channels, t h e i r  rela- 
t i v e  degradation i n  t h e  space 
environment could be d i r ec t ly  
determined. Thermistors were 
used t o  monitor t he  temperature 
of each of t he  two mounting 
t rays .  

The other two tes t  groups 
w e r e  mounted 180° apart on the  
cyl indrical  side of t he  forward 
she l l .  The one v i s ib l e  i n  f ig-  
ure V - 1  had the 6 - m i 1  glass 
s l ides  cemented t o  i t s  ce l l s .  
The other w a s  ident ica l  except 
t h a t  i t s  cells were bare. The 



telemetered output voltage of these two shingles, together with the data  from 
those on the forward end, w a s  used t o  estimate the  orientation of the  vehicle 
t o  the sun. With t h i s  information, the  absolute value of the  degradation of 
each of the f ive  t e s t  shingles could be estimated. 

Each of the f ive  shingles of t e s t  ce l l s  consisted of f ive  of the solar  
ce l l s  described previously - ungridded, P on N type, with nominal e f f i -  
ciencies of 8 t o  9 percent. 
output voltage near the m a x i m u m  power point of the  ce l l s  and large enough t o  
drive the voltage-controlled osc i l la tors .  The calibration of a ty-picd t e s t  
shingle against l i gh t  intensity,  at 32O C, is  given i n  figure V-20. Corrections 
were made f o r  the spectral  output of the a r t i f i c i a l  l i gh t s  used, and the values 
of l i g h t  in tens i ty  shown are equivalent t o  those i n  space. Figure V-20 a lso 
gives the calibration of the  same shingle against temperature, at  a l i gh t  inten- 
s i t y  of 112 mw/cm2 ( m  = 0). The calibrations against angle of incident sun- 
l i g h t  varied s l igh t ly  with the  type of c e l l  covering, i f  any, but i n  general 
resembled the  sol id  curve of f igure V-6. The t e s t  ce l l s  were given the  same 
environmental t e s t s  as mentioned above f o r  the power t rays .  

Each c e l l  was loaded with 39.2 ohms, which gave an 
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Figure V-20.- Calibration curves of output voltage against l igh t  intensi ty  and temperature for a 
typica l  t e s t  group of solar cel ls .  
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SECTTON V I  - FUGHT RESULTS 

The bat tery voltages received by telemetry from Explorer XI11 were quite 
close t o  those predicted by the pref l ight  t e s t s  previously described. Although 
the  outputs of the  power-supply solar  ce l l s  were not monitored i n  f l igh t ,  the  
normal bat tery voltages indicated tha t  both of the  power-supply systems survived 
the  launch operations and performed as expected during the l i f e  of the space- 
craf't. No deterioration of the  t e s t  ce l l s  on Explorer XI11 w a s  detected. Since 
interrogations after the f i f teen th  orbi t  were made i n  darkness, the useful 
exposure time w a s  only about 1 day. 

The telemetered output of the  t e s t  ce l l s  indicated tha t  the spacecraft w a s  
spin s tabi l ized with i t s  axis approximately 90' from the  sun during the inter-  
rogated sunl i t  o rb i t s .  Since the telemetry-framing r a t e  w a s  about 
3.8 frames/sec compared with the r o l l  rate of about 3 . 2  rps  (obtained from sig- 
nal strength records), a number of frames had t o  be examined t o  get even an 
approximate a t t i tude .  Figure V - 2 1  gives the readings obtained from one group 
of t e s t  c e l l s  on the s ide of the vehicle during the  fourteenth orbi t .  All the 
readings a re  plot ted re la t ive  t o  the calibrated output obtained f o r  the curve 
of so la r  constant against time during a s ingle  cycle of ro l l .  
the  several telemeter frames during a 14-second period were superimposed t o  give 
a composite his tory of one r o l l  cycle. 
against angle of incident sunlight obtained with the  axis of rotation 90' from 

Data points from 

As indicated, the calibration of output 

Angle of r o l l ,  degrees  

0 .02 .04 .06 .08 . 1 0  .12 . 1 4  .16 .18 .20 .22 . 2 4  .26 .28 .30 .32 

Effective time, seconds 

Figure V-21.- Output of t e s t  Cells on side Of vehicle during a portion of the fourteenth orbit. 



t he  sun direction, roughly f i t t e d  the higher amplitude readings. 
amplitude readings approximated the  output estimated f o r  the solar ce l l s  when 
rotated away from the sun and illuminated by the  ear th 's  albedo. 

The lower 

SECTION V I 1  - APPENDIX A 

Ideal  Long-Term Average Output of a Solar Cell 

Randomly Oriented t o  the Sun 

Assume that:  

I = Output of solar  c e l l  illuminated at  normal incidence 

I cos j4 = Output a t  a l i gh t  incident angle of j6 

I n  spherical coordinates (see 
f i g  ~ - 2 2 (  a)  ) , 

dA 
r 2  r* 

( r  d$)(r s i n  fl de) dj3 = - = ~ - -  -. 

solar cell 

= s i n  @ dj6 df3 

where j3 is  the sol id  angle i n  ste- 
radians associated with an area A on 
the  reference sphere of radius r. The 
output of the solar  c e l l  averaged over 
the 25r steradians above the  X-Y plane (a) Exact integration i n  ideal case. 
i s  

1 25( s," L5(I2 I COS $ dj3 

= 2 S," L*'~ cos $ s i n  6 de 
25( 

1 = - I  
2 

X 

Since the solar  c e l l  has no output when Y 

illuminated from below, i t s  long-term 
aver-e output when randomly oriented t o  
the  sun i s  1/4 I. 

(b) Approximate "erical integration. 

Figure V-22.- Spherical a x i s  systems empluyed i n  analysis 
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SECTION V I 1 1  - APPENDIX B 

Weighting Factors 

To obtain the average output during random tumbling by numerically inte- 
grating the curves of f igure V-8 (obtained by averaging the output over a spin 
cycle at  various angles of 
t i o n a l t o  the  incremental sol id  angle involved. With reference t o  f ig-  
ure V-22(b) and the symbol definit ions i n  appendix A, the  incremental sol id  
angle i s  

$), each value must be weighted by a fac tor  propor- 

If w1, w2, . . ., wn i s  a given se t  of weighting factors,  the  weighted mean 
of a given.set of output values 11, 12, . . ., I n  i s  

WII1 + w212 + . . . + W n I n  

w 1 + w 2 + .  . . + w n  

It w i l l  be noted tha t  the constant terms i n  the  weighting factors  w i l l  cancel, 
and by using equal values of 
by s i n  j6. 
Letting 
tumbling i s  

A@, the  weighting factors  of in te res t  are  given 
The curves of figure V-8 were evaluated a t  each loo increment of 8. 

A$ = 20°, the expression f o r  the long-term average output during random 

s i n  loo + s i n  30° + . . . + s i n  1700 
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THERMAL DESIGN 

By E a r l  C. H a s t i n g s ,  Jr., Richard E. Turner, 
and G. Louis Smith 

Langley Research Center 

SECTION I - INTRODUCTION 

An essent ia l  phase of t he  Explorer X T I I  development w a s  a thermal study 
and design t o  provide an acceptable temperature environment f o r  t h e  electronics  
components and external surfaces of t he  satel l i te  during ascent and i n  orb i t .  
It was necessary t o  es tabl ish by pref l igh t  analysis and t e s t s  t h a t  tolerable  
temperatures could be maintained i n  three regimes of f l i gh t .  I n  the  first 
regime (from launch u n t i l  release of t h e  heat shield)  t h e  sa te l l i t e  w a s  sub- 
jected t o  radiative and conductive heat from the  shield. I n  the  second regime, 
after release of the  shield at  350,000 feet, the  satel l i te  w a s  heated by free 
molecular flow. I n  the  t h i r d  regime - the  orb i t  phase - it w a s  necessary t h a t  
temperatures within l i m i t s  f o r  a 1-year l i fe t ime be established. I n  addition 
t o  these three regimes, a study w a s  made t o  investigate the  e f fec t  of elevated 
rocket-motor temperatures during launch and after burnout. 

This chapter will deal with some pertinent pref l igh t  estimates and correla- 
t i o n  of these estimates with flight data. 

SECTION I1 - SYMBOLS 

as absorptivity of so la r  radiat ion 

a semimajor axis of orbit ,  f t  

A 

B 

cross-sectional area of s a t e l l i t e  section, f t 2  

decay constant f o r  atmosphere, taken as 3.48 x l O - ? / f t  

E eccentric anomaly 

erf e r ro r  function 

QO 

In(  1 modified Bessel function of t he  f i r s t  kind of order n 

acceleration due t o  gravi ty  a t  ear th ' s  surface 

k Bolt mann constant, 0.728 x lo-% Btu/molecule-OR 
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S 

t 

T 

TOO 

U 
- 
V 

X 

a 

P 

Y 

E 

TH E: 

number of molecules s t r iking surface per uni t  area per uni t  time 

number of molecules per uni t  volume 

orb i t  period, min 

heat-transf er rate per un i t  surface area, Btu/ft2-sec 

heat input per un i t  surface area per orbit ,  Btu/ft2-orbit 

t o t a l  heat input t o  s a t e l l i t e  section, Btu/ft2-orbit 

spacecraft distance from center of earth, f t  

reference alt i tude,  f t  

radius of the  earth, 2.0903 x lo7 f t  

t o t a l  surface area of s a t e l l i t e  sector, f t 2  

time, min 

temperature, OR 

free-stream temperature, OR 

free-stream velocity, f t / sec  

mean molecular velocity, f t / sec  

argument of Bessel function 

thermal accommodation coefficient 

angle between flow direction and the normal t o  the surface, deg 

r a t i o  of specific heats 

orbi t  eccentricity 

t o t a l  hemispherical emissivity 

7 = s cos p 

CL = goRe y 1.42 x 10l6 ft3/sec2 
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Stefan-Boltmann constant, 2.0 x Btu 
4 d 

in .  2-min-OR 

Subscripts : 

av average 

m mean 

P perigee 

W W a l l  

SECTION I11 - ANALYTICAL METHODS 

Methods were established by which analyt ical  solutions t o  the  heat-transfer 
problems could be found f o r  all the  regimes discussed. These a re  derived and 
discussed i n  d e t a i l  i n  reference VI-1 and a re  not repeated herein. Refer- 
ence V I - 1  a lso contains detailed discussions of the  t e s t  resu l t s  and coatings 
evaluated i n  t h i s  thermal-design study. The estimates discussed herein have 
been performed f o r  the  actual  launch date of Explorer X I 1 1  (August 25, 1961); 
however, the  estimates of reference V I 4  consider a launch data of June 15, 1961. 

SECTION I V  - RESULTS AND DISCUSSION 

Estimated . ~ .  ._ . temperatures.- The temperature limits specified f o r  Fxplorer X I 1 1  
are tabulated as follows: 
as those which might impair r e l i a b i l i t y  o r  proper operation of the sensors.) 

(These limits had been established by the designers 

Component 

Telemetry 
Pressurized ce l l s  
Steel- covered-grid 

detectors 
Copper-wire-card detectors 
Solar ce l l s  
Cadmium-sulfide ce l l s  
Impact detectors 

MaxirmUn allowable 
temperature, OF 

120 
250 
180 

temperature, 

15 
-50 
-100 

None given 
-50 

None given 
-50 

Estimated heating calculations during ascent and i n  orb i t  t o  be discussed 
herein were based on the  nominal t ra jectory defined as follows: 



Launch characterist ics:  
Actual launch date . . . . . . . . . . . . . . . . . . . . . .  August 25, 1961 
Launch azimuth . . . . . . . . . . . . . . . . . . . . . . . .  goo from north . . . . . . . . . . . . . . . . . . . .  Launch elevation, deg 79.88 

Orbi ta l  characterist ics:  
I n i t i a l  perigee al t i tude,  n.m. . . . . . . . . . . . . . . . . . . . .  207 
I n i t i a l  apogee al t i tude,  n.m. 527 
O r b i t  period, min 98 
-Orbit inclination, deg . . . . . . . . . . . . . . . . . . . . . . . . .  37.68 

. . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S a t e l l i t e  lifetime, year . . . . . . . . . . . . . . . . . . . . . . . .  >1 

Prior  t o  the  launch of Explorer XIII, several nomXnal t raJector ies  were con- 
sidered. 
t he  predicted o rb i t a l  parameters i n  tab le  11-4. 
these differences would not have a large effect  on the data discussed i n  the 
present chapter. 

For t h i s  reason the  values l i s t e d  i n  t h i s  tab le  d i f f e r  s l i gh t ly  from 
Studies have established tha t  

Figure VI-1 shows a sketch of Explorer XI1 i n  the heat shield.  Tempera- 
tures  were estimated during ascent f o r  three s ta t ions on the  heat shield: the 
stagnation point of t he  hemispherical t i p ,  the  conical section, and the cylin- 
d r i ca l  section (designated by 1, 2, and 3, respectively, i n  f ig .  VI-1). Both 
outside- and inside-wall temperatures were computed fo r  s ta t ion  3 on the cylin- 
d r i ca l  section which w a s  located approximately over the  first row of pressure 
ce l l s .  
heating source w a s  a l so  estimated and the  resu l t s  a re  p lo t ted  i n  figure VI-2. 

The temperature his tory of the  pressure ce l l s  due t o  t h i s  radiant 

During simulated ascent, experimental values of payload temperature were 
obtained as par t  of the  heat-shield qualification tests. 
prototme w a s  placed inside the heat shield and the shield w a s  subjected t o  the 
estimated outside-wall-temperature t i m e  h i s tor ies  of f igure VI-2. Tem-peratures 
of the spacecraft during the test  were monitored by a number of thermocouples on 
the  exposed surfaces and i n  the  telemetry canisters.  

The Explorer XI11 

Results of t h i s  test are 

I I I I 111 I 

"." ........... 
(See enlarged section) LForword SUPport Reor support J 

.05-inch lminoted phenolic 

.SO-inch fiberglos honeycomb m - .05-inch laminoted phendic 

Typical enlarged cross section of heat shield 

Figure V I - 1 . -  Ex.-plorer XI11 in heat shield. 
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( a )  Temperature t i m e  history a t  s ta t ion 1. 
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(b) Temperature time history a t  s ta t ion 2. 
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T i m e ,  s e c  

( c )  Temperature time history at s ta t ion  3 .  

Figure VI-2.- Temperatures during ascent 
with heat shield i n  place. 

presented i n  figure VI-3 along with 
pressure-cell estimates from figure VI-2 
which are  shown f o r  comparison. 

It can be seen fram figure VI-3 t ha t  
the maxi" temperature of the pressure 
ce l l s  from the  simulated ascent t e s t  w a s  
considerably luwer than that predicted, 
and tha t  the steel-covered-grid detectors 
and copper-wire-card detectors experienced 
temperature rises of less than 20' F 
during the t e s t .  &though not shown i n  
the  figure, values of telemetry-canister 
temperature remained constant throughout 
the  t e s t .  It was not expected tha t  these 
components would respond t o  external tem- 
perature sources over such a relat ively 
short time. The analyt ical  and experi- 
mental studies conducted i n  t h i s  par t  of 
the thermal-design program established 
t h a t  during ascent with the heat shield on, 
the external surfaces of the  s a t e l l i t e  
would remain within tolerable  temperature 
l h i t s  and that the telemetry temperature 
w d d  not be affected by aerodyn&c 
heating. 

The method discussed i n  reference VI-1 
was used t o  estimate the free-molecular 
f l o w  heating f o r  Ekplorer X I 1 1  a f t e r  heat- 
shield ejection f o r  a range of. a l t i tudes  
between 3OO,O00 and 400, OOO f ee t .  These 
estimates were made only f o r  the pressure 
cel ls ,  since they wou ld  heat most rapidly 
because of t h e i r  surface character is t ics .  
This study indicated t h a t  above 
350,000 feet ,  there w o u l d  be no increase 
i n  detector temperature due t o  t h i s  
heating source f o r  flow pa ra l l e l  t o  the 
f l i g h t  path. 

Since the  last stage of the  booster vehicle w a s  an in tegra l  par t  of 
Explorer XTII, it was  necessary t o  evaluate the e f fec ts  of elevated temperatures 
of t h i s  booster stage on the various detectors of the  s a t e l l i t e .  
shows experimentally determined temperature h i s to r i e s  from the s t a t i c  f i r i n g  of 
a rocket motor similar t o  the  l a s t  stage of the Scout launch vehicle at reduced 
external pressures ( ref .  VI-2). These data indicate t h a t  following burning of 
the l a s t  stage the temperatures of the rocket-motor case generally reached 
m a x i "  values at o r  before 500 seconds a f t e r  igni t ion and then decreased with 
increasing time. 

Figure VI-4 
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Figure VI-3.- Estimated and measured spacecraft 
temperatures during simulated ascent heating 
test. mot or. 

Figure VI-4.- Measured temperatures from 
static firing of the X248-Ag rocket 

An analyt ical  program w a s  used t o  consider the  influence of the  nozzle 
temperature (point 5 )  and the motor-case temperature (point 3 )  on the rear row 
of pressure ce l l s  and the  steel-covered-grid detectors and copper-wire-card 
detectors. 
a constant temperature of 400' F at point 3 were assumed t o  exis t  from 
At = 0 minute t o  A t  = 20 minutes. Direct and reflected solar  radiation and 
earth thermal radiation were also considered i n  these calculations. 
a re  shown i n  figure VI-5. 

To be conservative, a constant temperature of 600° F at point 5 and 

The resul ts  

These data show a constant increase i n  the  temperature of the steel-covered- 
g r id  detectors a f t e r  A t  = 4 minutes reaching a value of 144O F when the sa te l -  
l i t e  enters the earth 's  shadow at  At  = 20 minutes. After At  = 20 minutes the 
temperatures w i l l  decrease since the  solar-heating input i s  removed. The tem- 
peratures of the copper-wire-card detectors and last row of pressure ce l l s  a r e  
1.18~ F and lao F, respectively, at t h i s  t i m e .  The temperature values computed 

-- Rear row o f  pressure cells 

~ Steel-covered-grid detectors 

--- Copper -wire-cord detectors 

160 

I20 

.y- 

5 80 

t 
0 

40 

0 4 e 12 16 20 
At,minutes after fourth-stage ignition 

-Ingress into 
earth's shadow 

f o r  the last row of pressure ce l l s  
should be representative of all the pres- 
sure ce l l s  because of the excellent 
thermal conductivity of the pressurized- 
c e l l  mounting structure and the existence 
of a heating source from the support a t  
the  rocket-motor headcap. Estimates 
were a l so  m a d e  t o  determine the increase 
i n  telemetry temperature associated w i t h  
a constant headcap temperature of 200° F 
f o r  20 minutes. These estimates estab- 
l ished tha t  a r i s e  of less than F 
would resu l t  from t h i s  heating source. 

This phase of t he  study established 
tha t  of a l l  the  heating sources 

Figure VI-5.- EstFmated satellite sur- 
face temperature due to last stage 
rocket-motor heating. 



investigated during ascent, the e f fec ts  of the rocket-motor temperatures had 
most pronounced ef fec ts  on the  detectors. 
found t o  remain within tolerable  limits; however, the increase i n  telemetry 
temperature w a s  expected t o  be l e s s  than 5' F from the ascent heating sources. 

A l l  the  detector temperatures were 
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O r b i t a l  heating calculations w e r e  performed on an electronic data processing 
The satel-  machine which computed 12 time-dependent temperatures simultaneously. 

l i t e  w a s  considered t o  be composed of a number of sectors with the heat-flow 
paths shown i n  the schematic diagram below: 
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Passive thermal design w a s  used, and heat-flux equations were writ ten f o r  each 
of the sectors by considering conductive and radiative heat t ransfer  between 
the sectors, and where necessary d i rec t  and reflected solar radiation and 
ear th  thermal radiation were considered. (See re f .  VI-1.) 

The following are the absorptivity and emissivity values of the  exposed 
sectors of the  satellite: 

Ccrmponent 

Forward shel l  

Sounding boards 
Composite solar c e l l  

ring 
Composite solar ce l l s  

on forward race 
Pressurized c e l l s  

St eel- cmered-grid 

Copper-wire-card 
detectors 

detectors 
Exposed fourth- 

stwe  S t N C t W  

M a c e  finish+ 

410 stainless steel; sand 
blasted with 103 mcah grit; 
heated i n  air at  61x1~  F for 
5 minutes 

Same as above 
Black and white mosaic 

Black and white mosaic 

Vapor-deposited aluminum and 

Lusterless white enawl 

Enameled copper wire 

B l a c k  lacquer 

s i l icon monoxide f i l m s  

f o r  detaLls of surface finishes, see ref. V I - 1 .  



In te r ior  surfaces were prepared with low-emissivity coatings t o  reduce heat 
t ransfer  from the motor case. The last stage rocket motor and the s a t e l l i t e  
surfaces w h i c h  were exposed t o  radiation from the  motor case were covered w i t h  
aluminum f o i l .  
outside of telemeter canisters, and the bases were gold plated. 

The mounting bulkhead, the inside of the forward shell ,  and the 

Since there was  no system on Explorer XI11 t o  orient the  spacecraft it w a s  
necessary t o  consider temperatures both f o r  the  mode of spin about the principal 
axis (the condition at  inject ion in to  orbi t ) ,  w h i c h  w i l l  be referred t o  herein 
as the "stable" mode, and f o r  the mode of spin about the axis  of m a x i m u m  moment 
of iner t ia ,  referred t o  herein as the "tumbling" mode. Studies indicated tha t  
the i n i t i a l  spin motion should convert t o  a tumbling motion i n  l e s s  than 2 weeks 
as shown i n  figure VI-6. The first computations of o rb i t a l  temperatures were 
made f o r  the tumbling mode since the hot tes t  and coldest cases could be made t o  
occur i n  t h i s  mode with proper selection of launch time. Estimates discussed 
i n  reference VI-1 establ ish tha t  f o r  the coatings used, telemetry-temperature 
values f o r  Explorer XI11 i n  the tumbling mode should be between 30' F and 111' F 
f o r  a 1-year l ifetime. 

A study of the  parameters governing the launch time (stable mode of spin) 
established tha t  f o r  an August 25 launch date, the hours between 0900 and 
1330 e.s.t. were satisfactory.  
his tory of t he  sensors fo r  a 1330 e.s.t. launch. 
51.6O F during o rb i t a l  heating i s  a l s o  noted. 
percent-time-in-sunlight h i s tor ies  f o r  three launch times on A u g u s t  e. 

Figure VI-7 is  an estimated temperature time 
The telemetry temperature of 

Figure VI-8 shows calculated 

Flight-test  resul ts .  - Explorer MI1 was instrumented with 18 thermistors 
t o  measure temperatures i n  f i g h t  ( f ig .  VI-9). 
measured under the  mounting frames of two uni t s  1800 apart on the heat-transfer 
band. 
d r i ca l  section, a l so  at s ta t ions 180' apart. Two of the  0.002-inch-thick pres- 
sure ce l l s  i n  the first row had thermistors mounted on the  bottom of t h e i r  base 

Solar-cell  temperatures were 

Forward-shell temperatures were measured on the  inside w a l l  of the cylin- 

-0 IO 20 30 2 4 6 8 10 12 14 

Figure VI-6.- History of spin rate due to  megnetic torques. 

T i m e .  days Time.monthr 

plates.  The steel-covered- 
gr id  detectors had four 
thermistors (spaced 90° apart)  
located d i rec t ly  under the  
steel grids.  Two wire-card- 
detector temperatures were 
measured i n  the fiber-glass 
backing under individual 
cards. Thermistors located 
i n  each of the telemeter 
stacks ( i n  the second module 
forward of the base) were used 
t o  measure telemetry tempera- 
ture .  The cadmium-sulfide 
ce l l s  had thermistors located 
inside the f lask  below the  
light-sensing element. 
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Telemeter temp. = 51.6 OF 
o Pressure cells 
A Solar cells 
D Forward solar-cells 
0 Copper-wire-card detectors 
0 Steel - covered-grid detectors 

0 I O  2 0  30 40 5 0  60 70 80 90 100 
T ime ,  min 

Figure VI-7.- Calculated temperature history for the stable satellite launched 1330 
on August 25, 1961. 

August 2 5  launch ~ 

09  00 e l s a t .  
--- II 00 e . s . t .  

- ------ 14 00 e .s . t .  ~~ 

Figure VI-8.- Percent time in sunlight as a function of days  
after launch. 
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(.e.. 
Thermistor location an 

pressurized-cell detector - 
Thermistor location on 

power salar-cell t ray  

?Two thermistors, 180° apart 

Thermistor location in 
a telemeter assembly 

Four thermistors. 90°0Port  

/-,,,a thermistors, 180° apart 

 TWO thermistors. 180° aport 

Thermistor locations on assembled 

spacecraft 

O n e  thermistor in each 

telemeter assembly 

Thermistor location an a 

copper-wire-cord detector 

Thermistor location on 
Steel-covered-grid detect01 

Figure VI-9.- Thermistor locations. 

Temperature data during orb i t  were obtained by interrogating the s a t e l l i t e  
as it passed the s ta t ions of the  Minitrack network. 
were not stored by the  sa t e l l i t e ,  values recorded during an interrogation repre- 
sented temperatures only at  the time of the  interrogation so tha t  the orbi ta l -  
temperature cycle could not be read out direct ly .  
transmitted during ascent. 

Since temperature data 

N o  temperature data were 

Recorded flight-temperature data f o r  about 46 hours a f t e r  launch are  shown 
i n  figure VI-10. Also shown i n  figure VI-IO are maxi" orbi t  heating values of 
temperatures from figure ~ r - 7 .  I n  figures n-10( c) and (a) maximum estimated 
ascent heating values of temperature (from f ig .  VI+) are shown f o r  the pres- 
surized ce l l s  and telemeter packs. 
from 8 t o  46 hours. 
taken with the satell i te inside the  heat shield p r io r  t o  launch. 
temperature data f o r  the  copper-wire-card detectors and cadmium-sulfide ce l l s  
a r e  discussed i n  chapters X and XI and are  therefore omitted from figure VI -10 .  
Steel-covered-grid-detector temperatures are a l so  omitted, since these data are 
presented i n  reference VI-3. Figure VI-10 indicates tha t  at  the first inter- 
rogation at about 1.5 hours, temperatures were generally close t o  the estimated 
value f o r  the  ascent heating effects, which indicates reasonable estimates f o r  
the ascent heating effects .  Measured telemeter temperatures were 6' F higher 
than prelaunch at the  first interrogation. Later interrogations show that all 
the  flight data are n e w  to, or greater  than the m a x i "  expected o rb i t a l  
heating values from f igure VI-7. 

These l a t t e r  values were taken as constant 

Flight-test-  
The fl ight-data value at At = 0 w a s  a pref i r ing value 

ll0 
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0 Telemeter A 
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_ _ _  Estimated temperature in orbit (maximum1 
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(a) Forward-shell temperatures. 
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At.hours of fe r  launch 

(b) Solar-cell temperatures. 
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(c) Pressurized-cell temperatures. 
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A t ,  hours af ter  launch 

(a) Telemeter temperatures. 

Figure VI-10.- Comparison of estimated and measured temperatures from 
Explorer M I I .  



Since the orb i t  of Ekplorer =I1 was known t o  be different  from the nominal 
orb i t  used f o r  t he  estimates, an investigation w a s  made t o  study the o rb i t a l  
heating e f fec ts  of f r ee  molecular f l a w  resul t ing from the l o w  perigee. 
method employed was t o  determine the t o t a l  free-molecular-flow heat input f o r  
various orientations of the s a t e l l i t e  at perigee passage and t o  reduce this t o  
a surface-temperature increase. 

The 

The aerodynamic heat-transfer r a t e  t o  a body i n  f r ee  molecular flow is 
given by the corrected form of an equation i n  reference VI-4  as 

where n is  given by 

2 
For s a t e l l i t e  velocit ies,  s >> 1 so t h a t  e-q + 0 and er f  7 4 1  f o r  

cos $ + 0. For cos fl < 0, erf  q + -1 so t ha t  equation (2)  becomes 

( 3 )  
* n = NU cos $ 

where 

cos*p = cos p f o r  cos p > o 

COS*$ = 0 f o r  cos p < 0 

The second term on the  right-hand side of equation (1) predominates, so 
t h a t  equation (1) reduces t o  

The atmospheric term is f i t t e d  t o  an exponential var ia t ion of geocentric radius 

NkT, NkT, e -B( r-ro) 
- =  (F) 

r0  
T2 

where ro i s  the reference a l t i tude .  Thus the heating r a t e  on a f la t -p la te  
element i s  
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Orbit mechanics give the equations (ref. VI-5): 

r = a(1 - E cos E) ( 7 )  

The t o t a l  aerodynamic-heating input t o  a f la t -plate  element of unit  area 
during one orb i ta l  pass is  then 

cos*p(E)eBaE 'Os E x 1 + 2~ cos E + 0 ( ~ ~ , ] d E  (10) c -B ( a-ro) 

Now, assume 
tha t  

cos*p is  constant, and w i t h  the relations from reference VI-6 

and 

equation (10) becomes 

For large values of x 

ex In(x) x - 



so that,  choosing ro = rp, equation (11) can be writ ten as 

Consider the case where the satellite is  assumed t o  enter perigee broad- 
s ide ( p  = 00). Integrating Q aver the surface and denoting the cross- 
sectional area as A, the  t o t a l  aerodynamic-heating input i n  one orb i t  i s  

The resul t ing mean temperature is  determined by the  following considera- 
t ions:  Neglecting the aerodynamic heating, t he  s a t e l l i t e  w i l l  be at  a mean 

the t o t a l  heat radiated during the orb i t  i s  

a t ive  heat input. 
value T1 such tha t  

temperature T, and will thus be radiating heat at a r a t e  S q p T m  4 , so  tha t  
4 Psem.aTm . This i s  a l so  the radi- 

With aerodynamic heating, t he  temperature w i l l  increase t o  a 

Hence the temperature i s  found t o  be 

4 The approximation i s  in t r ins ica l ly  made t h a t  (Tav) = (T4),, which i s  

val id  f o r  reasonable temperature fluctuations.  

This method of analysis w a s  applied t o  a cylinder having the properties of 

Atmospheric properties 
the  pressure-cell sector and the estimated-temperature time h is tor ies  f o r  four 
different  orientation angles are  shown i n  f igure VI-ll. 
from reference VI-7 were used i n  these calculations. 

Also plotted i n  figure VI-11 i s  a l i n e  representing the  measured pressure- 
c e l l  temperatures shown i n  f igure VI-10. 
peratures l i e  within the calculated temperatures f o r  values of p between about 
60° and 800. 
somewhat questionable because of uncertainties i n  atmospheric data at  the higher 
a l t i tudes,  they do serve t o  i l l u s t r a t e  t ha t  t he  addition of the free-molecular- 
flow heating effects  were suff ic ient  t o  cause the  elevated f l i g h t  temperatures 
encountered . 

It can be seen tha t  the f l i g h t  tem- 

Although the  calculated time h i s to r i e s  shown i n  figure V I - 1 1  are 
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- E stirnoted pressure-cell tempemlures 
Measured Pressure-cell temperatures --- 

r 

12 16 2 0  24  28 32 3 6  4 0  44 48 

At.hours ofter launch 

Figure VI-=.- Estimated and measured pressure-cell temperatures for 
Explorer XTII. 

This analysis was applied t o  the pressure ce l l s  since it had been pre- 
viously established by ground tests tha t  the telemetry temperature i n  orb i t  
would be controlled by the  mean temperature of the  pressure ce l l s .  It i s  f e l t ,  
therefore, t ha t  the high flight temperatures on the pressure ce l l s  were caused 
by free-molecular-flow heating due t o  the low-perigee passage at  an inclined 
angle t o  the f l i g h t  path and as a resul t  t ha t  the telemetry temperatures were 
higher than estimated. Equation (15) shows tha t  the temperature increase of 
the surface i s  influenced by the  emissivity of the surface. Since the values 
of 

higher than tha t  of the pressure cells,  the  temperature of these components 
would be expected t o  be generally lower. This f ac t  i s  shown t o  be the case from 
the  f l i gh t  data of f igure VI-10 and a lso  by the  steel-covered-grid-detector data 
shown i n  reference VI-3. 

E,,,, f o r  the forward she l l  and steel-covered-grid detectors were much 

I n  figure VI-10, there i s  a noticeable fluctuation i n  the temperature of 
a number of components with time. 
The orb i t  i s  approximately fixed i n  space, while the Minitrack s ta t ions move 
re la t ive  t o  the orb i t  path because of the ear th 's  rotation. Thus, the t rue  
anomaly of the sa t e l l i t e ,  as it passes over a given longitude increases by about 
24' per orb i t .  

This fluctuation can be explained as follows: 

This effect  i s  shown i n  figure VI-12. Since most of the  tem- 
perature data gathered from Explorer XTII 
and shown i n  figure VI-10 were read out 
by Minitrack s ta t ions at  approximately 

and At = 46 hours, the given tempera- 
t u re  his tory over a 24-hour period cor- 
responds t o  actual  temperature cycling 
of the components as the s a t e l l i t e  com- 
pletes  one o rb i t a l  revolution. 

Position of receiving station, 

Position of satellite during the  same longitude, between At = 20 

Position of satellite during 

2 n d  pass 

interrogation , 2 nd pass 

interrogating, I st pass 

Position of recivirq station, 
I d  pass 

I 24- 
Apparent change anomaly, 

Factors demonstrating tha t  t h i s  
effect  i s  the predominant cause of these Figure VI-12.- Change in a n o w  of successive 

passes of satellite over a station. fluctuations are: 
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1. The period of the fluctuation i s  24 hours. 

2. The amplitude of the fluctuation i s  roughly equal that calculated f o r  
(For the  pressure ce l l s  this is  approximately 20° F as shown each component. 

i n  f ig .  VI-?.) 

3 .  Temperature changes i n  figure VI-11 are rapid when the satellite i s  
interrogated near perigee. 

4. Since the s a t e l l i t e  revolves about t h e  earth i n  the same direction as 
the  ear th  rotates,  an increase i n  time i n  f igure VI-10 corresponds t o  an 
increase i n  t r u e  anomaly. 

From these considerations, it is  apparent t h a t  data of the type shown i n  
figure V I - =  could provide a typica l  one-orbit-pass temperature his tory if  
allowances were made f o r  the change i n  o r b i t a l  elements over a 24-hour period. 
A close study of predicted temperature h i s to r i e s  f o r  Explorer XI11 made by 
using the previous considerations, ve r i f i e s  that the fluctuations i n  the  tem- 
perature h is tor ies  shown i n  figure VI-11 are due t o  the normal temperature 
fluctuations encountered i n  one o rb i t a l  pass, with the effects  of rapidly 
changing o rb i t a l  elements superimposed on it. 

The o rb i t a l  character is t ics  of Explorer XrrI were also used t o  determine 
(by the method of ref. V I - 1 )  the percent time i n  sunlight f o r  correlation with 
predictions. These results are  shown i n  f igure VI-13. Excellent agreement 
with predictions is’indicated f o r  the i n i t i a l  o rb i t s  with increasing r a t e  of 
decay of percent time i n  sunlight with increasing orb i t  passes. 
w a s  found t o  be associated w i t h  the decrease i n  apogee a l t i tude .  Since the 

This decrease 
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Figure VI-13.- Comparison of estimated and actual percent 
time i n  sunlight. 

- 

hpogee w a s  occurring i n  sun- 
light, the decrease i n  apogee 
a l t i t ude  manifested i t s e l f  as 
a decrease i n  percent time i n  
sunlight. 

Flight data  f o r  
Explorer XI11 showed a spin 
r a t e  of 178 rpm during burning 
and f o r  a short period a f t e r  
burnout of the last stage. 
This value was 22 rpm less 
than the expected value 
( f i g .  VI-6). 
s ib l e  with the instrumentation 
used t o  determine the decay 
of the spin r a t e  accurately 
over such a short lifetime, 
&though it would have been 
possible t o  determine the t i m e  
of t rans i t ion  from stable t o  
tumbling spin had the  l i fe t ime 
of the  satellite been longer. 

It w a s  not pos- 



SECTION V - CONCLUIIING RPIARKS 

Examination of the temperature data recorded during the l ifetime of 
Explorer XTII indicates surface temperatures and telemetry temperatures which 
were higher than expected based on calculations for the  nominal orbit  but were 
s t i l l  within the prescribed limits. 
f l i g h t  temperatures could reasonably be attr ibuted t o  the existence of free- 
molecular-flow heating a t  the l o w  perigee. 
been present had the Explorer X I 1 1  orbit  been as  expected. 

An analytical  study indicated tha t  the high 

This heating source would not have 
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CHAPTER V I 1  

TEST PROGRAM 

By W. S. Haywood and Hugh  C. Halliday 
Langley Research Center 

SECTION I - INTRODUCTION 

A t e s t  program w a s  s e t  up early i n  the  Explorer XIXI program t o  simulate 
as nearly as possible all expected environmental conditions t o  which the  space- 
c ra f t  would be subjected during the ascending phase of the  t ra jectory and while 
i n  orbi t .  
and shock. Functional t e s t s  were performed on individual modules of the  telem- 
e t e r  system. 

These t e s t s  included spin, acceleration, thermal-vacuum, vibration, 

The t e s t  procedure s ta r ted  with breadboard construction of telemeter com- 
ponents. 
type construction. Pr ior  t o  the  prototype environmental t es t s ,  it w a s  found 
desirable t o  construct a mock-up structure f o r  preliminary evaluation of the 
spacecraft hardware. 

Circuits were evaluated i n  t h i s  phase, and components chosen f o r  proto- 

SECTION I1 - ENVIRONMENTAL TEST SPECIFICA!lTONS 

A. Flight Qus i f ica t ion  (Prototype Payload) .- 
1. Spin: The prototype payload sha l l  be subjected t o  a spin r a t e  of 225 rpm, 

which i s  11 times the expected f l i g h t  value. 

i n  1 second and held f o r  15 minutes. 
checked before and a f t e r  t h i s  t e s t .  
duty cycles a f t e r  the payload has achieved the  specified spin rate .  

This spin r a t e  sha l l  be achieved 4 
The data telemeters sha l l  be operated and 

They sha l l  a l s o  be operated f o r  10 repeated 

2. Acceleration: 

(a) Thrust axis - The payload sha l l  be subjected t o  a s t a t i c  accelera- 

t i o n  of 24g at  i t s  center of gravity, which i s  equal t o  l$ times the 

expected value. The variat ion along the thrus t  axis s h a l l  not exceed 
-15 percent at the forward end and 10 percent at the aft end of the  payload. 
This force sha l l  be held f o r  3 minutes. 
an operational s ta tus  and sha l l  be checked before and a f t e r  t h i s  test .  

t o  a s t a t i c  acceleration of 10.5g, which is  equal t o  1L times the expected 

The payload telemeter sha l l  be i n  

(b)  Lateral  (normal t o  thrus t  axis)  - The payload sha l l  be subjected 
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value, i n  the direction most l ike ly  t o  produce damage. 
sha l l  be conducted with the force at 90° t o  th i s  direction. 
shal l  be held f o r  3 minutes i n  each direction. 
be i n  an operational s t a tus  and sha l l  be checked before and a f t e r  t h i s  t e s t .  

A second t e s t  
This force 

The payload telemeter shall 

3 .  Temperature: W i t h  the payload mounted i n  a suitable test chamber, it 
sha l l  be subjected t o  a temperature environment at  atmospheric pressure i n  
accordance with the following schedule: 

(a) Lower the test-chamber temperature t o  -22O F and hold fo r  6 hours. 
Operate the data telemeters f o r  a nomal duty cycle during the holding 
period. 

(b)  Raise the test-chamber temperature t o  140’ F (180 F above the 
maximum expected f l i gh t  temperature) and hold f o r  6 hours. 
data telemeters f o r  a normal duty cycle during holding period. 

Operate the 

(c )  Lower the test-chamber temperature t o  loo F (18O F below the 
m i n i m u m  expected flight temperature) and operate the data telemeters. 

(a) Raise the test-chamber temperature t o  140° F and operate the data 
telemeters f o r  several h t y  cycles. 

( e )  Lower the test-chamber temperature t o  room temperature and operate 
the data teleme-bers. 

4. Thermal vacuum: 
t e s t  as outlined below. 
nents a s  tabulated below shall not be exceeded. 

The prototype sha l l  be subjected t o  a thermal-vacuum 
The maximum and m i n i ”  temperatures of the compo- 

Component 

Solar ce l l s  
Pressurized ce l l s  
Grid detectors 
Telemeters 

Temperature, 9 

Minimum 

-50 
-25 
-50 
-30 

( a )  Vacuum - The t e s t  chamber sha l l  be evacuated t o  1 x low4 m Hg or  
l e s s  with the payload remaining a t  ambient temperature. 
sha l l  be operated while the chamber i s  being evacuated. 

The telemeters 

(b) H o t  Soak - While maintaining the aforementioned vacuum, raise  the 
chamber temperature un t i l  the temperatures of the telemeters reach 140° F. 
Hold the vacuum and temperature fo r  at l ea s t  7 days. 
e te rs  f o r  a normal duty cycle. 

Operate the data telem- 
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(c )  Cold Soak - While s t i l l  maintaining the vacuum, lower the tes t -  
chamber temperature u n t i l  the temperature of the telemeters reaches loo F. 



Hold the  vacuum and temperature f o r  at l ea s t  3 days. 
telemeters f o r  a normal duty cycle. 

Operate the data 

* 
Amplitude, g-rms along - 

Thrust axis Transverse axis 
~~ 

2 1 
5 2 
12 3 

(a) Cycle - While maintaining the vacuum, the temperature of the  for- 

The test  sha l l  be conducted f o r  14 typical  orb i t s  (approx- 
w a r d  she l l  shall be varied to duplicate the temperature time prof i le  of a 
typ ica l  orbi t .  
imately 24 hours). Operate the data telemeters f o r  a normal duty cycle. 

(e)  Ambient Conditions - Bring the t e s t  chamber back t o  atmospheric 
pressure and the payload t o  ambient temperature and operate the data telem- 
e t e r s  a f e w  cycles. 

L 

5 .  Vibration: The payload sha l l  be i n  an operational s ta tus  during the 
vibration t e s t  and checked e l ec t r i ca l ly  and mechanically a f t e r  completion. A 
detailed examination f o r  evidence of cracks, wear, loose parts, and the  l i k e  
sha l l  be made. 

The payload sha l l  be subjected t o  a low-level vibration of f2g f o r  
90 seconds by using a sine-wave logarithmLC sweep from 15 t o  2000 cps. I n  addi- 
t ion,  it sha l l  be subjected t o  vibrations i n  three orthogonal directions i n  
accordance with the following schedule. The prototype t e s t  levels  and durations 
are 50 percent more than those expected i n  f l i g h t .  

(a)  Sinusoidal 

Frequency range, 
CPS 

5 t o  50 
50 t o  500 

500 t o  2000 

The sweep r a t e  sha l l  be approximately 2 octaves per minute with a 
1 
2 

duration of approximately 1- minutes per frequency range. 

(b )  Random 

Direction 

Thrust a x i s  
Transverse a x i s  i ~ 

Frequency range, Amplitude, 

20 t o  2000 

The duration s h a l l  be 5 minutes i n  each direction. 



(c)  Resonance 

+ 

Frequency range, Amplitude, Direction 
CpS g- rms 

Thrust axis 
Transverse axis  

550 t o  650 
550 t o  650 

6 .  Shock: The payload sha l l  be subjected t o  a 45g shock load para l l e l  t o  
and i n  the  direct ion of the  thrus t  of the  rocket motor. The duration of t he  
shock pulse s h a l l  be not l e s s  than 5 milliseconds. 

greater  than tha t  expected i n  f l i gh t .  The telemeters sha l l  be operational 
during t h i s  t e s t .  
a f t e r  t h i s  t e s t .  

This shock load i s  l$ times 

The payload shall be checked e l ec t r i ca l ly  and mechanically 

B. Flight Acceptance.- 

1. Thermal vacuum: 
t e s t  as outlined below. 
sha l l  not be exceeded. 

The payload shall be subjected t o  a thermal-vacuum 
The temperature of the components as tabulated below 

Component 

Solar ce l l s  
Pressurized ce l l s  
Grid detectors 
Telemeters 

Temperature, ?F 

Maxirmun M i n i ”  I 
I 

-50 
-25 
-50 
-30 

* The temperature limits were reduced due t o  expe- 
rience gained i n  the f l i g h t  qualification t e s t s .  

(a)  Vacuum - The t e s t  chamber sha l l  be evacuated t o  1 x loe4 mm Hg or  
l e s s  with the  payload remaining at ambient temperature. 
sha l l  be operated while the chamber i s  being evacuated. 

The telemeters 

(b)  Hot Soak - While maintaining the aforementioned vacuum, ra i se  the  
chamber temperature u n t i l  the  temperatures of the telemeters reach 110’ F. 
(The temperatures presented represent the expected m i n i m u m  and maximum 
f l igh t  temperatures.) 
Operate the data telemeters f o r  a normal duty cycle. 

Hold the vacuum and temperature f o r  at l ea s t  3 days. 

( c )  Cold Soak - While s t i l l  maintaining the  vacuum, lower the t e s t -  
chamber temperature u n t i l  the  temperature of the telemeters reaches 250 F. 
Hold the vacuum and temperature f o r  at l e a s t  2 days. 
telemeters f o r  a normal duty cycle. 

Operate the data 
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(d) Cycle - While maintaining the  vacuum, the temperature of the for- 
ward she l l  sha l l  be varied t o  duplicate the temperature time prof i le  of a 
ty-pical orbit .  
mately 24 hours). 

The t e s t  sha l l  be conducted f o r  14 typical  orb i t s  (approxi- 
Operate the data telemeters f o r  a normal duty cycle. 

(e) Ambient Conditions - B r i n g  the  t e s t  chamber back t o  atmospheric 
pressure and the payload t o  ambient temperature and operate the data telem- 
e t e r s  a f e w  cycles. 

Frequency range, 
CPS 

Direction 

Thrust a x i s  20 t o  2000 
Transverse axis 20 t o  2000 

I 

2. Vibration: The payload sha l l  be i n  an operational s ta tus  during t h i s  
test  and checked e lec t r ica l ly  and mechanically after completion. A detai led 
examination f o r  evidence of cracks, wear, loose parts, and the  l i k e  sha l l  be 
m a d e .  

Amplitude, 
g- rms 

8 
2 

The payload sha l l  be subjected t o  a low-level vibration of l g f o r  
60 seconds by using a sine-wave logarithmic sweep from 15 t o  2000 cps. 
tion, it sha l l  be subjected t o  vibrations i n  three orthogonal directions i n  
accordance with the  schedule l i s t e d  below. The payload test levels  and dura- 
t ions are the  same as those expected i n  f l i g h t .  

I n  addi- 

(a)  Sinusoidal 

Frequency range, I 
CPS I 

I 

5 t o  50 
50 t o  500 

500 t o  2000 

Amplitude, g-rms along - I 
Thrust axis I Transverse axis 1 

1 
3 
10 

5 
1 
2 

The sweep r a t e  sha l l  be approximately 4 octaves per minute, with a dura- 
t i o n  of approximately l minute per frequency range. 
vibration table  sha l l  be limited t o  0.3 inch peak t o  peak. 

The amplitudes on the 

(b)  Random 



(c) Resonance 

Direction 

Thrust axis  
Transverse axis 

. ~~ 

Frequency range, 
CPS 

550 t o  650 
550 t o  650 

Amplitude, 
g- rms 

40 
6 

Duration s h d l b e  10 seconds i n  each direct ion.  

3. Shock: The payload shall be subjected t o  a 30g shock load p a r a l l e l  t o  
and i n  t h e  direct ion of t he  thrus t  of the rocket motor. The duration of the 
shock pulse shall be not less than 5 milliseconds. This shock load is  equal t o  
t h a t  expected i n  flight. The telemeters shal l  be operational during this  test .  
The payload shall be checked e l ec t r i ca l ly  and mechanically a f t e r  t h i s  t e s t .  

SECTION I11 - FUNCTIONAL AND DESIGN TESTS 

Subsystem.- Early i n  t he  project, a program of evaluations of the e l ec t r i -  
cal system of each subassembly w a s  devised f o r  the  telemeter prototype. Before 
a.ny telemeter module was incorporated i n t o  the telemeter stack, it had t o  be 
operated i n  a temperature chamber from 3 2 O  F t o  140° F without deter iorat ion of 
i t s  operation. A t  the  same time, e l e c t r i c a l  performance w a s  evaluated under 
varying voltage conditions. Each telemeter was enclosed by a pressurized con- 
t a i n e r  which w a s  mounted on the  telemeter bulkhead. 
several  changes i n  the  d-c voltage converter. Complete cal ibrat ions t o  deter- 
mine temperature e f f ec t s  were made on the  subcarrier o sc i l l a to r  module before 
it w a s  incorporated i n t o  the telemeter. After each module had been qualified 
under these t e s t s ,  it became a par t  of t he  telemeter. 

E a r l y  results led  t o  

Systems.- The bulkhead, with i t s  two telemeters, underwent extensive 
e l ec t  ri ca l  t e s t s  before flight qual i f icat ion.  

Cmand rf signals were transmitted t o  the  telemeters. Proper operation 
of the  comand receivers would allow the s a t e l l i t e  transmitters t o  operate f o r  
approximately 1 minute and then return t o  the  off condition. 
t es t s ,  trouble developed i n  the  time-delay turn-on c i r cu i t  which required t h a t  
the  c i r cu i t  be redesigned. Also, because modulation trouble w a s  experienced 
during the  e l e c t r i c a l  tests, t he  push-pull modulator output c i r cu i t ry  w a s  
redesigned. 

During these 

An operational test  w a s  performed on the telemeter assembly i n  which an 
rf s ignal  w a s  sent t o  the  telemeter once every 3 minutes. 
cycle t e s t s ,  a cal ibrat ion check w a s  made; the past  cal ibrat ion agreed w i t h  t he  
present cal ibrat ion and indicated that no change occurred during the test. 

After 500 of these 

The telemeters were then submitted t o  a 10-hour hot and cold tes t  w i t h  
s tab i l ized  temperatures ranging from 20°F t o  120° F. 
the telemetly system from an external source, and operation of t h e  system w a s  

Power was supplied t o  
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commanded through a,n rf l i n k .  
operated on a 1-minute "on" and 1-minute "off" basis .  
w a s  accomplished without a telemeter fa i lure .  

Over t h i s  10-hour period, the  telemeter w a s  
This hot and cold t e s t  

Next, the  telemeter w a s  connected t o  i t s  sensors. Each sensor input w a s  
individually shorted while each telemeter channel w a s  interrogated. Interfer-  
ence experienced between the  impact-detector and the pressurized-cell-detector 
inputs w a s  located i n  t h e  pressurized-cell mounting-structure wiring tunnels. 
The trouble w a s  apparently caused by proximity of lead wires i n  the wiring tun- 
nels. 
voltage pulse ranging from 3 t o  5 vol t s  ( t h i s  pulse came from the  encoder) and 
had caused crosstalk. Additional shielding of t he  impact-detector leads and a 
complete w i r e  rerouting reduced the interference voltage t o  an acceptable level.  

It w a s  discovered t h a t  the pressurized-cell-detector leads had an induced 

A t  t h i s  stage of the  t e s t  program, the bat tery supply modules were 
ins ta l led  i n  the  telemeter system. Electr ical  checks were performed t o  ensure 
the  proper operation between the  power supply and the solar-cel l  charging sys- 
tem. All prototype t e s t s  were conducted by using t h i s  in te rna l  power system. 

Mock-up Vibration T e s t . -  Vibration t e s t s  were a l so  made early i n  the  pro- 
The telem- gram on a complete s a t e l l i t e  payload with mock-up instrumentation. 

e t e r  canisters were f i l l e d  with a potting compound t o  simulate the actual  
weight. The telemeter bulkhead w a s  completely assembled, including the  external- 
in te rna l  power relay, bat tery supply, and the  support spider. The mock-up w a s  
first vibrated i n  two sections and f ina l ly  as a complete uni t .  
conducted t o  qualify the  s t ruc tura l  worthiness of the  payload hardware. 
vigorous vibration t e s t  program w a s  i n i t i a t ed  using an electronic shaker located 
at  Langley. Readout equipment necessary f o r  t h i s  t e s t  consisted of the  
following : 

This test  w a s  
A 

1. 12 accelerometers 

2. D a t a - w r i t e  equipment f o r  oscillograph 

3 .  Tape recorder and assorted playback equipment 

Mock-up Payload - -  - Adaptor, - _  -. Telemeter ._ Bulkhead, - . _. and - Forward Shell.- The first 
t e s t s  were made on the  forward sheli ,  telemeter bulkhead, and payload adaptor 
t h a t  mounts on the  Scout fourth-stage X-248 rocket motor. 
located at  the  center top of the forward she l l  t o  check the vibration expected 
at the base of t he  so la r  ce l l s .  
top of t he  telemeter canisters, and at  the input t o  the  payload adaptor. 
pickup w a s  located on the  support bracket located under the bulkhead. 

Vibrometers w e r e  

Vibration pickups were located at  the base and 
A 

Input g-levels were applied t o  the  base longitudinally from 2 t o  20g i n  
three separate steps and over t he  frequency range from 20 t o  2000 cps; each 
test las ted about 3 minutes. From past  experience gained from X-248 rocket 
motor firing, a random vibration t e s t  over the range from 550 t o  650 cps at 
ll g-rms f o r  5 minutes w a s  conducted. 

Amplification fac tors  approached 100 on the  telemeter bulkhead, while the  
X-, Y-, and Z - a x i s  vibrometers mounted on top of the  telemeter canisters 
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exceeded t h i s  amplification. Three of t h e  four  antennas broke off during the  
t e s t  at a frequency of 123 cps on the  1% run. 

The bulkhead support w a s  redesigned, st iffened, and also m a d e  l i gh te r .  
X-ray pictures were taken of t h e  old antennas and revealed t h e i r  s t ruc tura l  
f l a w s ;  new antennas w e r e  designed and made. 
and the  s t ructure  withstood each t e s t  without damage. 

The vibration t e s t s  w e r e  repeated 

Pressurized-Cell Support Structure.- The pressurized-cell support s t ructure  
with pressurized c e l l s  i n s t a l l ed  w a s  mounted on the  vibration tab le  and vibrated 
i n  t h e  same manner as t h e  forward she l l .  Only 40 pressurized c e l l s  were mounted 
on the  s t ructure  f o r  t h i s  test .  Small vibrometers were mounted on several  of 
t he  c e l l s  along with monitors on t h e  s t ructure  i tself  and on the  shaker table .  
During preliminary tests, the  lower support foot showed fat igue on 20 percent of 
t he  pressurized ce l l s .  

The tes ts  were halted a t  t h i s  point and a method of supporting the pressure 
c e l l  by the  addition of a rubber shock mount w a s  t r i e d .  
t i o n  10 percent of t he  c e l l s  were l o s t .  This method of support w a s  abandoned. 
Modifications were made t o  t h e  support foot through the  addition of a gusset, 
and the  tests were rerun and completed without s t ruc tura l  damage. 

I n  t h i s  new configura- 

Comdete Mock-UD Pavload 

~ 6 0 - 2 9 5 8  
Figure VII-1.- Rocket-motor heat-transfer test; 

vacuum chamber and test hardware. 
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Assembly.- After the  modifications 
had been made t o  the  payload hard- 
w a r e  and detectors, t he  vibration 
t e s t s  were rerun successfully. 

Fourth-Stme Rocket-Motor Heat- 
Transfer T e s t . -  A s  pointed out i n  
chapter V I ,  it w a s  necessary t o  keep 
the- temperature of t he  s a t e l l i t e  
detectors below 180° F. 
stage rocket-motor case i s  a major 
source of heat immediately a f t e r  
burnout. I n  order t o  determine the  
heat t ransfer  from the  motor case t o  
t h e  payload, a se r i e s  of tests were 
conducted i n  a vacuum chamber a t  low 
pressures which simulated the a l t i -  
tude at  which the motor burnout 
occurs. 

The fourth- 

Temperatures measured during 
actual  rocket-motor tes t  firings were 
fed i n t o  a programer which used a 
point on the  outside surface of t he  
motor case midway between the  rocket- 
motor mounting flanges as the  control 
point. The case w a s  heated by s i x  
2,300-watt quartz lamps inser ted 
through the  nozzle end of t he  rocket 



L-60-2962 
Figure VII-2.- Rocket-motor heat-transfer tes t ;  painted pressurized-cell mounting structure and 

monitor thermocouple. 

motor. Figure VII-1 shows the assembly i n  the vacuum chamber. 
conducted u n t i l  the  outside of the  pressurized-cell mounting structure 
( f ig .  VII-2) reached peak temperature and star ted t o  decline. 
temperature w a s  not reached i n  l e s s  than 30 minutes. 

The t e s t s  were 

Generally, peak 

It w a s  found t h a t  by covering the  outside of the X-248 rocket motor, 
inside and outside of the payload adapter and inside of the pressurized-cell 
mounting structure with aluminum f o i l  and painting the outside of the 
pressurized-cell mounting structure with acry l ic  white lacquer tha t  the tempera- 
t u re  of the outside of the  pressurized-cell mounting structure did not exceed 
1 4 3 O  F 45 minutes after sFmulated motor burnout. 
X-248 motor case covered with aluminum f o i l  and t h e  array of s i x  2,500-watt 
quartz lamps, mounting hardware, and t e s t  equipment. 
payload adapter and pressurized-cell mounting s t ructure  with f o i l  applied. 
Figure VII-2 shows the  pressurized-cell mounting s t ructure  painted. 

Figure VII-3 shows the spent 

Figure V I I - 4  shows the 
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SECTION IV - FLIGHT QUALIFICATION TESTS 

After the component and mock-up t e s t  outlined i n  section 111, the  assembled 
prototype payload w a s  subjected t o  a series of mechanical, e lectr ical ,  tempera- 
ture, and thermal-vacuum t e s t s .  These t e s t s  were conducted t o  ascertain the 
soundness of design both mechanically and e lec t r ica l ly .  The t e s t  specifica- 
t ions  are outlined i n  section 11. 

Spin Test.- The prototype w a s  first subjected t o  a spin t e s t  t o  approxi- 
mate the spin imparted t o  the  s a t e l l i t e  (180 rpm) by the spinning fourth-stage 
motor of the Scout launch vehicle. 
( f ig .  VII-3) and minor adjustments made t o  minimize eccent r ic i t ies .  
e t e r s  were operated and sensors examined; all were found t o  be i n  sat isfactory 
condition. A slow-speed run w a s  made t o  check f o r  unbalance; balance weights 
were not required. The payload w a s  then spun up t o  154 rpm,  the  maximum rpm of 
t h e  la the.  This spin r a t e  w a s  held f o r  15 minutes while the  telemeters were 
operated sa t i s f ac to r i ly  f o r  10 duty cycles. After despinning, the telemeters 
were operated again; the sensors inspected; and antennas checked. 
found i n  sat isfactory condition. 

The prototype payload w a s  mounted i n  a la the  
The telem- 

A l l  were 

Acceleration Test.- The prototype w a s  completely enclosed i n  a windshield 
and only mounted i n  the plane of the  vehicle spin bearing. The antennas had t o  
be i n  the  folded condition thereby rendering the  telemeters inoperative. 

r *  " , 

L- 60- 2959 
Figure VII-3.- Rocket-motor heat-transfer tes t ;  

t e s t  hardware and instrumentation. 
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The sensors were examined and telem- 
e t e r s  checked and found t o  be i n  satis- 
factory condition before the payload 
w a s  ins ta l led  i n  the windshield. The 
windshield w a s  then mounted on a cen- 
t r i fuge  and the  payload subjected t o  
24g acceleration i n  the longitudinal 

th rus t  direction ( f i g .  VII-6) and 1& 
i n  the normal and transverse direc- 
t ions  ( f i g .  VII-7). These g-levels 
were held f o r  3 minutes i n  each con- 
dit ion.  When the t e s t  w a s  completed, 
the  telemeters were checked and found 
i n  sat isfactory condition. One 
pressurized-cell detector and the 
f ront  pressurized-cell mounting- 
structure ring were damaged during 
t h i s  tes t ;  all other sensors were i n  
sat isfactory condition. It i s  
believed t h a t  t h i s  damage w a s  incurred 
during handling, when the wind shield 
bent under one of the  l i f t i n g  rig 

2 

supports. 



~ 6 0 - 2 9 6 0  
Figure VII-4.- Rocket-motor heat-transfer test; pressurized-cell mounting structure with aluminum 

foil on inside surface on the right and dome ( fo rwad  end) of the X-248 rocket motor covered 
with aluminum foil. 

Thermal-Vacuum Test.- A complete telemeter receiving s ta t ion  w a s  s e t  up 
f o r  t h i s  t e s t  ( f ig .  VII-8). 
qui&-look readout equipment. 
on the  prototype and recorded through auxi l iary equipment. 

This s t a t ion  consisted of a tape recorder and 
Thirty-six additional thermocouples were located 

Performance checks p r io r  t o  the  the.--vacuum test  indicated a loss  i n  
command-receiver sensi t ivi ty ,  on in te rna l  power only, f o r  telemeter B. The 
sens i t i v i ty  loss w a s  not present when the  telemeter w a s  operated from an exter- 
nal power source. 
operate continuously f o r  t h e  first 3 weeks of t h e  o r b i t a l  f l i g h t .  
signal w a s  blocking the  command transmission t o  telemeter B. 
shielding within the  canis ter  reduced the  problem t o  an extent such as t o  allow 
t h e  tes t  t o  be continued.) Normal receiver s ens i t i v i ty  f o r  both telemeters w a s  
between -96 t o  -98 dbm, and power output of the transmitters w a s  92 mw. 

Telemeter B contained a radio-tracking beacon that w a s  t o  
This beacon 

( A  method of rf 

Before the  thermal-vacuum t e s t  w a s  begun, a short  12-hour temperature t e s t  
w a s  conducted. This test  covered excursions of telemeter temperatures from 
-22O F t o  140° F. 
only instrumentation mandatory were recorders and the  36 thermocouples mounted 
on the  s t ructure  of the  prototype. Pr ior  knowledge of the  telemeter indicated 
it would not operate at  temperatures below Oo F. Although the  telemeter could 

"he purpose of t he  t e s t  w a s  t o  study heat balance and the 

I 



Figure VII-5.- -Spin tes t ;  prototype payload mounted on a lathe.  L-613-7270 

. _. 

L-613-7269 
Figure VII-6.- Acceleration t e s t  ( thrust  axis); prototype payload ( i n  windshield) mounted 

on centrifuge. 



~ 6 0 - 7 2 6 7  
Figure VII-'7.- Acceleration t e s t  (transverse axis); prototype payload ( i n  windshield) mounted 

on centrifuge. 

not be expected t o  operate under these conditions, t h i s  t e s t  afforded an oppor- 
tun i ty  t o  check the  lower l i m i t  of the  telemeter operation. 

A complete set of telemeter zero references w a s  made f o r  each of the 
96 channels at room temperature with the prototype mounted i n  the chamber. 
Test procedures required tha t  the telemeter be commanded on every 30 minutes 
and complete tape records made. 
6-hour cold t e s t .  

tone necessary t o  operate the telemeter B receiver had dr i f ted  50 cycles. 
3 hours of testing, the in te rna l  telemeter temperature had reached 5O F and 
telemeter B could not be commanded on. Four hours a f t e r  the test  began, the 
base of the telemeter canisters w a s  reading -30° F and neither telemeter could 
be commanded. The cold t e s t  w a s  continued f o r  2 more hours. It w a s  s t i l l  
impossible t o  operate e i the r  telemeter. 

The temperature w a s  dropped t o  -22O F f o r  the 
A t  the  end of the f i r s t  11 hours of the  t e s t ,  the  modulating 

2 
After 

H e a t  w a s  applied and the  prototype underwent a 6-hour hot soak'. The proto- 
type w a s  not removed from the  chamber and w a s  s t i l l  i n  an inoperative condition. 
Four hours af'ter the  hot soak began, when the  base of the  telemeter had reached 
550 F, It w a s  possible t o  operate telemeter 13. Five hours a f t e r  the t e s t  began, 
both telemeters were operating normally, but the frequency s h i f t  t ha t  occurred 
during the cold soak i n  telemeter B had not rec t i f ied  i t s e l f .  



5-60-8225 
Figure ~ r r - 8 . -  Temperature and thermal-vacuumtestj prototype payload readied for t e s t .  

Immediately following the  temperature t e s t s ,  the  prototype w a s  subjected 

mm of mercury, 
t o  thermal-vacuum t e s t s  which simulated conditions i n  the  space environment. 
The following tests were performed while under a vacuum of 
as outlined i n  section 11. 

(1) The temperature was raised t o  140° F and held a t  t h i s  point fo r  7 days. 

(2) S t i l l  holding the vacuum, the temperature w a s  lowered t o  10’ F and 
held f o r  3 days. 

( 3 )  The f i n a l  t e s t  consisted of a cycle every 98 minutes, between loo F 
and 140° F f o r  14 cycles. 

The telemeters were operating continuously during these tests. 

A complete s e t  of zero calibrations w a s  made at  room temperature, and 
preparations w e r e  made t o  make a 7-day hot tes t  at  140’ F. After determining 



t h a t  the  telemeters were working properly, heat w a s  applied. Interrogations 
were made every 30 minutes, by using a s ignal  generator and an audio generator 
f o r  t he  modulating tone. Complete magnetic tape records were made i n  addition 
t o  the  quick-look setup which used a counter and paper tape. In te rna l  package 
temperature, channel D-4, w a s  telemetered and monitored through the  rf l ink  
along with in te rna l  bat tery voltage, channel F-12. The third day of t he  t e s t ,  
the  1-minute transmitting time of telemeter B after interrogation had changed 
from 58 seconds t o  15 seconds. Before the final day of the  t e s t ,  telemeter B 
began operating properly upon interrogation and worked f o r  the  full 58 seconds. 
The complete T-day hot and 3-day cold t e s t s  were completed. 

Upon completion of these t e s t s ,  the telemeter deck w a s  removed f r o m  t he  
prototype, and an extensive program of modification w a s  begun on the  telemeters. 
The osc i l l a to r  c i r cu i t  i n  t he  receiver modules was reworked and the  bandwidth 
of the  interrogation tone increased by 50 cycles. 
emmined and t h e i r  charge c i rcu i t ry  modified. 

The in te rna l  ba t t e r i e s  were 

Vibration Test.-  The vibration-test  program conducted on t he  prototype 
ranged-from l g t o  45g i n  amplitude with a frequency excursion f r o m  20 t o  
2000 cps as outlined i n  section I1 
( f ig .  VrI-9). 
e t e r  w a s  required throughout t h i s  t e s t .  
A complete telemeter s t a t ion  w a s  used t o  
monitor t he  prototype during vibration. 

Operation of t he  telem- 

Operation of the  telemeter rf 
t ransmit ter  i n t o  the  antenna system 
interfered with the  vibration-table 
level-indication system t o  such an 
extent as t o  eliminate t h e  13' type of 
test. Therefore, t he  t ransmit ter  output 
w a s  d i r ec t ly  coupled through coaxial 
cable t o  the receiving s ta t ion .  Sat is-  
factory operation of the  vibrat ion t ab le  
w a s  then accomplished. Tape recordings 
were m a d e  of the  telemeter operation 
during the  vibrat ion t e s t .  An analysis 
wa6 made of t h e  tape and showed t h a t  
operation was normal during vibration. 
Vibration records were obtained from 
the  numerous vibrometers located on the  
structure.  These vibrat ion records are 
shown i n  figures VII-10 and VII-11. 
prototype w a s  vibrated without mechani- 
c a l  o r  e lec t r ic t i t  failure t o  approxi- 

The 

mately 1 A  times the  expected flight 

environmental conditions. Ekperience 
gained from t h e  vibrat ion test  of t he  
mock-up payload contributed t o  the  suc- 
cess of t h i s  t e s t .  

2 

~-60-7U3 
Figure VII-9.- Vibration tes t ;  prototype 

payload mounted f o r  test. 
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VII-10.- Vibration tes t ;  prototype payload accelerometer locations and t e s t  records. 
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Mgure VII-ll.- Vibration tes t ;  prototype payload accelerometer locations and t e s t  records. 
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Shock Test.- The prototype was  
assembled on a t e s t  f i x tu re  ( f ig .  VII-12) 
which had an aluminum honeycomb pad 
31 inches square by 8 inches th ick  
attached t o  i t s  base. 
t e s t  f i x tu re  assembly w e r e  raised 
10 inches off t he  f loo r  and dropped. 
Figure VII-13 i s  a record of t h i s  t e s t  
showing an excursion of 45g and a d u m  
t i o n  of 10 milliseconds. The telemeters 
were operating on t h e i r  i n t e rna l  power 
during t h i s  shock test. The signals 
transmitted by the  telemeters w e r e  picked 
up and recorded on magnetic tape at a 
receiving s t a t ion  near where the  t e s t  w a s  
conducted. 

The prototype and 

Telemeter zero cal ibrat ions w e r e  
made before and a f t e r  t he  shock test  and 
indicated t h a t  the  telemeter and detec- 
t o r s  were not affected by this  t e s t .  
Because of the short duration of t h e  
shock pulse, it was  impossible t o  detect  
any telemeter changes durirg tha t  
period. 
damage t o  t he  hardware or  detectors. 

A visua l  inspection showed no 

SECTION V - FLIGHT ACCEPTANCE TESTS 

The flight payload was subjected t o  
thermal-vacuum, vibration, and shock 
t e s t s  simulating the  environment expected 
during launch and o r b i t a l  flight. 
t e s t s  were conducted i n  accordance with 
the  specifications outlined i n  
section 11. 

The 
~ 6 0 - 8 2 9 7  

Figure VII-12.- Shock t es t ;  prototype payload 
mounted i n  shock f ixture .  

Thermal-Vacuum Test.- This test  consisted of the  3-day hot soak at U O o  F, 
2-day soak at-250 F, and 14 simulated o r b i t a l  cycles with temperature varia- 
t i ons  from U O 0  F t o  eo F. All conditions were  carr ied out at  a pressure of 
10-4 mm a. 

A complete telemeter s t a t ion  was used t o  readout t he  data. The quick-look 
counter and pr in t e r  used i n  the  prototype test  were again employed. The rf 
coupling t o  the  telemeters was d i rec t  through the  coaxial cable, and additional 
ba t te ry  monitoring equipment w a s  used in t h i s  t e s t .  

The flight m o d e l  was subjected t o  180 hours of continuous t e s t ing  as 
described previously. The " u n c t i o n s  associated with prototype thermal-vacuum 
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Figure VII-13.- Shock-test record; prototype payload. 

tests were not present during the flight-acceptance t e s t s .  
VII-16 show telemetered data recorded through the  rf l ink and compared with data 
from thermocouples located i n  the  same area and recorded by a s t r ip-chart  
recorder. Figures VII-17 t o  VII-22 indicate  in t e rna l  ba t te ry  voltage, package 
temperature, ful l -scale  and zero cal ibrat ions as telemetered through the  rf l i d s .  
Figure VII-23 shows the  var ia t ion i n  the  vacuum throughout the  t e s t s  as recorded 
by gages located i n  t h e  chamber ( ion gage l), and at the  i n l e t  t o  the  d i f f i s ion  
purq~ of the  vacuum chamber ( ion gage 2). 

Figures VII-14 t o  

Mechanical and Elec t r ica l  Tests.- The complete flight s a t e l l i t e  was  
assembled and each sensor input tes ted  and recorded through an rf l i n k .  Opera- 
t i o n  of the  system was performed f o r  each module as previously done i n  the  pro- 
totype telemeter construction. 
channels w a s  accomplished before and after every maJor test. The flight satel- 
l i t e  was shock t e s t ed  i n  the  same manner as described f o r  the  prototype. The 
telemeter was  operating on i t s  flight ba t t e r i e s  f o r  t h i s  t e s t  and complete tape 
records were made of t he  operation during t h i s  test. Calibration of each chan- 
nelwas  made before and a f t e r  the  t e s t .  Figure VII-24 i s  a record of t he  shock 
t e s t  indicating 35g peak f o r  10 milliseconds. 
was experienced during th i s  t e s t .  

Complete cal ibrat ion of each of the  96 telemeter 

N o  s t ruc tu ra l  or telemeter damage 

Test r e su l t s  of t he  flight-acceptance tests are shown i n  figures VII-25 
Locations of monitoring vibrometers are a l so  indic&ed i n  these 

Some desirable vibrometer locations were deleted because of t he  pos- 
and VII-26. 
f igures.  
s i b i l i t y  of contaminating the  gold-plated surface of t h e  telemeters and the  
f l i g h t  bulkhead. Location of vibrometers on the forward-shell surface was 
impossible because of the  heat-transfer coating. The vibrat ion tests were 
performed with the  telemeter operating on i t s  in t e rna l  bat tery supply. 
to r ing  of the  telFmeters was  accomplished through the  rf l ink ,  and recorded on 
magnetic tape. 
t i i i c d  fa i lure .  

Moni- 

%e complete t e s t  w a s  carr ied out without mechanical or  elec- 
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Figure M-14.- Thermal-vacuum t e s t  record; flight-payload gr id  detector; channel S-11; telemeter "A". 
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Figure VII-15.- Thermal-vacuum t e s t  record; flight-payload pressurized-cell detector; channel S-10; 
telemeter "A". 
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Figure VII-16.- Thermal-vacuum t e s t  record; flight-payload solar cell ;  channel D-ll; telemeter “A“. 

Figure VII-17.- Thermal-vacuum t e s t  record; f l i g h t  payload; “B“ battery voltage; channel F-12; 
telemeter ”A”. 
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Figure VII-18. - Thermal-vacuum test record; flight payload; "B" battery voltage; 
channel F-12; telemeter B. 
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Figure VXI-19.- Thermal-vacuum test record; flight-payload telemeter temperature; channel D-4; 
telemeter "A". 
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Figure VII-20.- Thermal-vacuum t e s t  record; flight-payload telemeter temperature; channel D-4; 
telemeter "B" . 

0 20 d €0 80 100 120 140 160 180 I 

Tim, hrs 

Figure VII-21.- Thermal-vacuum test record; f l i g h t  payload; flill scale and zero calibrate; chan- 
nels 18 and 19; telemeter "A". 
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Telemeter A 

Figure V I I - 2 2 . -  Thermal-vacuum cyclic test record; flight-payload telemeter temperature; channel D-4; 
telemeter "A". 
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Figure VII-23.- Thermal-vacuum test record; flight payload; test-chamber pressure. 
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Figure VII-24.- Shock-test record; f l ight  payload. L-61-2107 
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Figure VII-25.- Vibration tes t ;  f l i g h t  payload; accelerometer locations and t e s t  records. 
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Figure VII-26.- Vibration t e s t j  f l i g h t  payload; accelerometer locations and t e s t  records. 
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DATA FEDUCTION 

By Sheldon Kopelson 
Langley Research Center 

SECTION I - INTRODUCTION 

A large volume of data were generated both during the development program 
and the  f l i gh t  lifetime of the  Ekplorer XI11 Micrometeoroid Sa te l l i t e .  
data, i n  the form of payload telemeter signals, w e r e  recorded on magnetic tape. 
To f a c i l i t a t e  the  reduction of these data, the development of an automatic data 
readout system, suited both t o  the special. character is t ics  of the data signals 
and t o  the  requirements of high-speed dPgftal computing equipment, w a s  i n i t i a t e d  
at  the start of the  s a t e l l i t e  development program. 

These 

As indicated e a r l i e r  i n  t h i s  report, the  telemeter signal i s  a nonsynchro- 
nous time-division multiplex containing information coded i n  three independent 
f oms: 
and the  time (spacing) between the bursts. 
and d ig i t izes  t h i s  information and records the  d ig i t ized  data on magnetic tape 
i n  computer format. 
ous and i s  done at a rate of up t o  25 channels per second. 
c r i te r ion  of the  data readout system w a s  that  the performance should be satis- 
factory when there w a s  a significant amount of noise i n  the telemeter signal. 

Duration of subcarrier osci l la t ion bursts, frequency of the oscil lations,  
The data readout system decommutates 

The readout of data coded i n  all three forms i s  simultane- 
A major design 

The design concept of the  data readout system included the  shared use of 
d i g i t a l  formatting and tape recording equipment that  w a s  a par t  of other data 
readout systems i n  existence a t  the NASA Langley Research Center. 

SECTION I1 - DATA READOUT SYSTEM 

General description.- The block diagram of the data readout system f o r  the  
Explorer XCII Micrometeoroid S a t e l l i t e  i s  shown i n  f igure VIII-1. The wave 
shapes of typ ica l  data and control signals, at indicated points, a re  shown i n  
f igure VIII-2. 
t ha t  the  readout rate i s  within the  capabili ty of the  formatting equipment. 
The pulse detection and shaping c i rcu i t s  generate a duration data gating pulse 
t r a i n  and a spacing data  gating pulse t ra in ,  both of which lag the  input signal 
by 8 milliseconds. Because of the  nonsynchronous nature of the telemeter sig- 
nal, all of the  automatic system control signals a r e  derived from these pulse 
t ra ins ,  i n  addition t o  representing the  basic time-coded data. 

The telemeter data tape i s  reproduced at 1/16 recorded speed so 
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Figure VIII-1.- Block diagram of data readout system. 
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REFERenCE SIGNAL 
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TRANSFEX "S" COUNT 

RESET "St' CO" 
ADVANCE BLOCK COUNT 

RECORD COMMAND 

RESET BUFFERS 

FRAME SYNC 

Figure MI-2.- D a t a  readout system signals. 

The durations of the  data gating pulses are measured by gating clock pulses 
in to  each of two counters. 
a 10-kilocycle (real time) reference signal w h i c h  had been recorded on one track 
of the input data tape, thus providing an effective 20-kilocycle clock pulse 
t r a in .  
w i t h  the  measurement of the  burst duration. 
from these two measurements. 
t i o n  data gating pulse i n  order t o  prevent counting noise cycles. Before gating, 
the  subcarrier pulses are therefore delayed by 8 milliseconds t o  match the  delay 
of the  data gating pulse. 
a subcarrier burst  and the  following space is transferred t o  a set of three 
f l ip-f lop buffers at appropriate times (see f ig .  VIII-2). 
recorded on d i g i t a l  magnetic tape as a single block of three channels. 
identifying counter i s  advanced jus t  before the in i t i a t ion  of each d i t i g a l  
readout. Each time frame sync i s  detected, t h i s  counter i s  reset  and a frame- 
identifying counter i s  advanced one count. When the  block of data being 
recorded on the d i g i t a l  tape i s  followed by a block having a m i d "  burst  dura- 
tion, the  second "space" occurs before the  recording has been cmpleted. 
fer ing is  therefore required f o r  the "space" data as w e l l  as the other data. 
Since the  block and frame counters are not advanced during the recording of a 
block of data, they do not require buffering. 

A clock pulse i s  generated at each zero crossing of 

The number of subcarrier cycles i n  a burst are counted simultaneously 
Frequency i s  subsequently computed 

The subcarrier cycles are  a l so  gated by the dura- 

The block of data accumulated i n  the counters during 

The data are then 
A block- 

Buf- 
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The timing of control signals 8 t o  12, shown i n  figure VIII-2, i s  based 
upon the characterist ics of the  external d i g i t a l  formatting equipment and an 
allowance f o r  actual  durations and spacings t o  be as short as 60 percent of the  
minimum expected from the telemetry encoder. However, as is  shown later, false 
data pulses of very short duration can be generated when the readout system 
input signal is  very noisy. 
were being read out from a buffer or while a counter was active. The result of 
t h i s  t ransfer  would be the recording, on the  d i g i t a l  magnetic tape, of an 
invalid code. To prevent the recording of an invalid code, the transfer of data 
from a counter t o  i t s  buffer i s  inhibited whenever tha t  counter i s  active or the  
readout of a block of data i s  in progress. 

A t ransfer  pulse could then occur either while data 

The outputs of the  buffers and the  ident i f icat ion counters are i n  the 
1-2-2-4 code usually required f o r  d i g i t a l  pr inters  rather than the  binary coded 
decimal (BCD) code required by the  external d i g i t a l  formatting equipment. 
Before entering the  formatting equipment, the d i g i t a l  data are  fed t o  the  code 
t rans la tor  (see f ig .  VIII-1) which changes the  b i t  l eve l  voltages and converts 
t he  code t o  BCD. A d i g i t a l  printer, driven d i rec t ly  from the  buffers and 
ident i f icat ion counters, was i n i t i a l l y  included i n  the  readout system as a 
quick-look device but it w a s  discarded when the required maintenance outweighed 
its usefulness. 

As was mentioned previously, the readout system ut i l ized  d i g i t a l  formatting 
and tape recording equipment that w a s  a part of existing systems. The signals 
f r o m  the  Explorer XI11 data readout system were connected v i a  a patchboard net- 
work t o  any one of three Be&” Inc. M o d e l  210 data recording systems w h i c h  
are operated as a central  data recording f a c i l i t y .  The outputs of the  la t ter  
systems are  recorded on magnetic tape i n  IBM 7070 computer format. 

Data resolution.- As stated previously, the  durations of the  data gating 
pulses are  measured by gating 20-kc ( r e a l  time) clock pulses in to  counters. 
The measurement resolution R t ,  f o r  the  time-coded data are, therefore, the  time 
represented by E L  count, or  kO.05 millisecond. 

The resolution of the  measurement of the  number of subcarrier cycles N 
during a burst i s  a l so  U count. 
by dividing t h i s  measurement by the  measurement of the  independent burst dura- 
t i on  D. The computed frequency F, is: 

However, the  subcarrier frequency i s  computed 

I ? k 1  
XID f 1 

20 Fc = 

but 

N = F X D  

where F is  the  actual  frequency. Therefore: 

20(FD * 1) Fc = 
20D * 1 (3) 
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where Fc 
Rf, of the  

and F are i n  kilocycles 
frequency measurement i s  : 

Rf = F - F, = 

and D i s  i n  milliseconds. The resolution 

&F T 20 ~ &J? T 20 
2OD * 1 20D (4) 

Rf i s  not, therefore, constant as i s  R t .  

The rms resolution sca t t e r  i s  determined from the  expected dis t r ibut ion 
of Rf which includes cases of zero resolution e r ror  i n  the measurement of N 
and/or D, and is  given by 

The ranges of the telemetric frequency and duration channels were 
6 kilocycles t o  15 kilocycles and 4 miUiseconds t o  15 milliseconds, respec- 
t ively.  The expected range of t he  resolution sca t t e r  f o r  the frequency-coded 
f l i g h t  data w a s  0.057 kilocycle, rms t o  0.256 kilocycle, m. Calibrations of 
t he  telemetry frequency channels were made with the  time channels set at f u l l  
scale, thereby holding the resolution sca t t e r  t o  a m a x i "  of 0.068 kilocycle, 
rms . 

Noise suppression.- It w a s  expected that, i n  general, the  telemeter sig- 
n a l s  received from the  m l o r e r  XI11 Micrometeoroid Sa te l l i t e  would be f a i r l y  
noisy. 
containing subcarrier osci l la t ions and noise. However, the  spaces between the 
bursts contained pure noise, with some noise peaks exceeding the signal peaks 
even when the  rms signal-to-noise r a t i o  w a s  of the order of 7 t o  10 decibels. 
In order t o  d i f fe ren t ia te  between the subcarrier bursts and the noise f i l l e d  
spaces under these conditions, the  pulse detector was designed as an approxima- 
t i o n  t o  a root-mean-square voltage detector. The pulse detector consisted of 
a preamplifier, rec t i f ie r ,  and f i l t e r .  The output of t h i s  c i rcu i t  w a s  a pulse 
t r a i n  w h i c h  exhibited the following characterist ics.  The peaks of the  pulses 
were equal t o  90 percent of the  rms amplitudes of only the  subcarrier osci l la-  
tions, provided the  input-signal-to-noise r a t i o  w a s  greater than t-6 decibels. 
The base level of the  pulse t r a i n  w a s  equal t o  70 percent of the rms amplitude 
of the noise i n  the  "space," provided the  noise had a Gaussian distribution. 
Since the frequency spectrum of a rec t i f ied  random noise is  continuous t o  zero 
cps, it w a s  necessary tha t  the f i l t e r i n g  after the  r e c t i f i e r  be as heavy as 
possible without imposing an excessive pulse rise time. The f i l t e r  was chosen 
so tha t  the pulse rise time (10- t o  90-percent amplitude) w a s  20 milliseconds. 
Slnce the input data tapes are played back at 1/16 of the  recorded speed, t h i s  
time corresponds t o  1.25 milliseconds, referred t o  real time. 
some residual noise ripple was present i n  the  detector output signal. 

The recorded intell igence signal thus appeared as a ser ies  of bursts 

With t h i s  f i l ter ,  

The time between the points at  which the detector output signal i s  halfway 

In order t o  generate sharp-edged data  gating pulses which corresponded 
between pulse base and pulse peak is  equal t o  the  duration of the subcarrier 
bursts. 
t o  these intervals, the pulse shaper employed a self-referenced amplitude 



compar&or. 
the clamp circuit output was connected t o  one input of the comparitor. 
tion, the detector output signal, attenuated by 50 percent, was connected t o  a 
second clamp circuit w h i c h  was followed by a long time constant diode detector. 
This circuit held the reference input of the comparator at one-half' the differ- 
ence between the base and peak levels of the detector output signal. The com- 
parator was designed so that i t s  output was constant un t i l  the reference level 
w a s  exceeded. 
limiter t o  provide f'urther pulse shaping and an inverter t o  provide two data 
gatfng pulse t ra ins  of opposite phase. 
signal by 8 milliseconds. 

The base of the detector output signal w a s  clamped t o  ground and 
In addi- 

The remainder of the 'pulse shaper consisted of a three-stage 

These pulses lagged the detector input 

In figure VTII-3, the detector input and output signal and one of the 
shaper output signals are shown for  several signal conditions. 
base level of the detector output signal, as the input noise increased, i s  not 
evident as it w a s  necessary t o  adjust the oscilloscope trace of t h i s  signal t o  
keep it from overlapping with the trace of the input signal. For noise-free 
input signals, the shaper output pulses have the same durations as the subcar- 
r i e r  bursts. As the noise i n  the input signal increases, the residual detector 
ripple causes some scatter i n  the durations of the data gating pulses a t  the 
output of the pulse shaper. When a residual noise peak is  great enough t o  cross 
the comparator threshold o r  when there are rapid variations i n  the rms noise 
1evel.which prevent clamping, false data gating pulses are generated. The 
blocks of data become misnumbered and the resultant loss of synchronization is  
carried on t o  the d ig i ta l  magnetic tape. However, the data computing program 
includes a check of both the block count and the sync channel duration. This 
check detects the loss of synchronization and causes the entire frame t o  be 
rejected. 

The r i se  of the 

(a) &an signal-to-noise ratio, 
19.7 decibels. 

(b) Mean signal-to-noise ratio, 
10.8 decibels. 

( c )  &an signal-to-noise ratio, (a) Mean signal-to-noise ratio, 
8.6 decibels. 7.4 decibels. 

Figure VIII-3.- Pulse detector and shaper signals. 
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SECTION I11 - DATA PROCESSING OPERATIONS 

The data readout system previously d e s c ~ b e d  and high-speed d i g i t a l  data 
handling equipment (D3.M 7070, 1401, 407-tabulator) w e r e  used t o  process the  
payload telemeter calibration data and f l i g h t  qualification test  data as well 
as data received from the  orbit ing spacecraft. 

The computing process f o r  the  calibration and qualification data included 
computation of the  subcarrier frequencies. 
quency, "duration" time, and "space" time) were sorted by channel and frame, 
and simulkaneously l i s t e d  and plotted on the  tabulator. 
711,000 points were processed i n  t h i s  manner during the  qualification and cal i -  
bration of the  flight payload telemeters. 

The basic data measurements (fre- 

Approximstely 

Processing of the  data telemetered from the  spacecraft required two com- 
puting and l i s t i n g  operations fo r  each set of data. 
operation w a s  a l i s t i n g  of the  mean values of the basic time and frequency 
measurements of each channel. From these listings, the  telemeter identifica- 
t i on  w a s  ver i f ied and the  m e a n  values of t he  calibration channels and the telem- 
e t e r  temperature, which were used i n  the second operation, were determined. 

The resu l t  of the first 

The computing program f o r  the  second operation included the correction of 
the  time multiplexed data f o r  zero and sens i t iv i ty  changes and selection of the 
subcarrier osc i l la tor  calibrations applicable f o r  the  measured telemeter t e m -  
perature. 
were then computed and were l i s t e d  as a function of time. 

The physical quantit ies measured i n  the various s a t e l l i t e  experiments 

The computing programs f o r  both of the experimental data operations 
included the detection and rejection of frames i n  which channel synchroniza- 
t i o n  had been l o s t .  
mental data, only the  IBM 7070 and 1401 were used i n  the data processing opera- 
t ions.  

Since tabulator plott ing w a s  not required f o r  the experi- 

Approximately 43,000 points of experimental data were processed. 

SECTION I V  - PERFORMANCE EVALUATION 

The performance of the data readout system was evaluated as a function of 
t he  quality of the recorded telemeter signal.  
and the  noise leve l  variation, caused by spacecraft spinning, were measured by 
recording the  output of the signal burst detector ( f ig .  VIII-1). 
i s t i c s  which w e r e  evaluated were the a b i l i t y  t o  maintain channel synchroniza- 
t i on  (i.e., ident i f icat ion)  and the reading scat ter .  

The mean signal-to-noise r a t i o  

The character- 

Table V I I I - L  l i s ts  the  interrogation his tory of the spacecraft telemeters. 

The range of the 
The recorded data which, af'ter preliminary oscilloscope monitoring were judged 
t o  be automatically readable t o  any extent, are indicated. 
measured signal-to-noise ra t ios  of these data recordings w a s  from 7.4 t o  
19.7 decibels. 



The data readout system w a s  programed t o  read out 50 frames of data from 
each telemeter record. 
t he  number of telemeter frames tha t  were processed w a s  greater than 50. For 
these cases, the exact number of frames was  determined from the reading of a 
block counter i n  the d i g i t a l  formatting equipment. I n  figure VIII-4, the per- 
centage of frames f o r  which complete channel synchronization w a s  maintained i s  
plotted as a function of the  mean signal-to-noise ratio, i n  decibels, of the  
telemeter signal. 
old" at a signal-to-noise r a t i o  of approximately 10 decibels. 
to-noise ra t ios  between 10 and 20 decibels, channel synchronization i s  main- 
tained f o r  an average of 90 percent of the  telemeter frames. 
a b i l i t y  performance of 100 percent could be expected fo r  input signal-to-noise 
r a t io s  on the  order of 40 decibels. 

I n  cases where frame sync w a s  not detected i n  each frame, 

The data readout system has a pronounced "performance thresh- 
For input signal- 

Automatic read- 
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Figure VIII-4.- Detection performance of data readout system. 

Figure VIII-5 is a plot  of the  root-mean-sqwe reading sca t te r  of the  
time-coded data as a function of the mean signal-to-noise r a t i o  of the data 
signal. The results are shown f o r  signal-%o-noise r a t i o  greater than the per- 
formance threshold which is evident i n  figure VIII-4. Below t h i s  leve l  the 
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Figure VIII-5.- Reading scatter; time-coded data. 

number of readings available were, i n  general, not suff ic ient  f o r  a statisti- 
cal ly  significant calculation of the  rms scatter. The e f fec t  of the fluctua- 
t ions  i n  noise l eve l  is  indicated by classifying the resu l t s  as t o  whether the 
noise leve l  variation w a s  l e s s  than 6 decibels o r  greater  than 6 decibels. A t  
the  threshold, t he  rms sca t t e r  levels a re  1.1 and 1.5 percent of f u l l  scale, 
respectively. For the range of signal quali ty encountered, the sca t t e r  
decreases l inear ly  with increasing signal-to-noise ra t io .  If the l i nea r i ty  
should continue beyond t h i s  range, the reading sca t t e r  would be expected t o  
reach the basic resolution l i m i t  (rms scatter,  0.37 percent of fill scale) at 
22 decibels and 30 decibels. 

A s  previously shown, the resolution sca t t e r  of the data readout system, 
f o r  frequency measurement, i s  a variable which reaches a significant leve l  under 
conditions of high subcarrier frequency and coincident l o w  burst  duration. 
performance of the  system f o r  frequency coded data  w a s  therefore evaluated by 
determining the r a t i o  of the  measured sca t t e r  t o  the  expected resolution scatter. 
The results are shown i n  f igure VIII-6 and represent the group correlation f o r  

The 
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all of those channels f o r  w h i c h  nonvariance of the subcarrier osc i l la tors  could 
be assumed. The expected group resolution scatter aN was calculated f romthe  
equation 

~- 
a N = v  - n 

where al, u2, . an are expected scatter values f o r  each channel. For 

t he  range of signal-to-noise ra t ios  encountered, the average correlation w a s  
1.16, indicating only minor degradation of performance due t o  noise. The two 
points f o r  w h i c h  t he  correlation is  1.8 and 1.7 correspond t o  interrogations of 
the "B" telemeter near the  end (orb i t s  23 and 28) of the  orbiting lifetime of 
the satellite. 



TABU VIII-1.- ORBITAL T m  HISTOETY 

Orbit 

- 

Launch 
1 
1 
1 
2 
7 

9 
9 
10 
10 
13 
13 
13 
13 
14 
14 
14 
14 
15 
15 
20 
20 
2l 
21 
22 
22 
23 
23 
25 
27 
28 
28 
35 
35 
40 

a 

Date/Time 

25/18: 29: 44 
25/20: 11: 45 
25/20: 11: 45 
25/20: 17: 14 
25/21: 59: 40 
26/06: 9: 00 
26/08: 32: 15 
6/10: 02: 40 
26/10: 02: 40 
26/11: 46: 00 
26/11: 55: 00 
26/15 : 13: 30 
26/15: 15: 02 
26/15 : 13: 30 
26/15 : 15 : 02 
26/16: 58: 06 
26/16:58:06 
26/16: 58: 06 
26/16: 58 : 06 
26/18: 40: 57 
26/18: 40: 57 
27/03: 03: 00 
27/03: 03: 00 
27/04: 45: 56 
27/04 : 45 : 56 
27/06: a: 30 
27/06: a: 30 
27/08 : 03 : 14 
27/08: 03: 14 
27/11: 15 : 40 

27/15 : 42: 15 

28/02: 00: 03 

27/14: 03: 00 

27/l5:42:15 
28/02: 00: 03 

28/08: 46: 00 

Minitrack 
s ta t ion  

Blossom Point 
Grand Forks 
Blossom Point 
Blossom Point 
Fort Myers 
Santiago 
Santiago 
Ant of agasta 
Ant of agasta 
Quito 
Quito 
Fort Wrs 
Fort Myers 
Blossom Point 
Blossom Point 
Blossom Point 
Blossom Point 
Fort Myers 
Fort Myers 
Fort Myers 
Fort Myers 
Santiago 
Santiago 
Santiago 
Santiago 
Santiago 
Santiago 
Ant of agasta 
Antofagasta 
Lima 
Woomera 
Woomera 
Woomera 
Ant of agasta 
Ant of agasta 
Ant of agas t a 

Tape 

122A001 
122N001 
122A002 
122A002 
122D001 
122J-001 
1225001 
1228001 
122H001 
122F001 
122F001 
122D001 
122Do01 
122~003 
12x003 
122A004 
122A004 
122D002 
122D002 
12m002 
122D002 
122J-002 
122J002 
1225003 
122~003 
1225003 
1225003 
1228001 
1228001 
12x01 
122- 1 
122-1 
122-1 
1228001 
1228001 
1228001 

~ 

Telemeter 

None 
B 
B 
A 

None 
None 
None 

A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 

None 
None 

A 
B 
A 
B 
B 

D a t a -  
reduction 
process 

None 
Automatic 
Automatic 
Manusljt 
None 
None 
None 
Manual 
Manual 
M a n u a l  
Manual 
Aut omat i c 
Automatic 
Aut omat i c 
Automatic 
Aut omat i c 
Automatic 
Aut omat i c 
Aut omat i c 
Aut omat i c 
Automatic 
Manual 
None 
Automatic 
Aut omat i c 
Automatic 
Aut omat i c 
Aut omat i c 
Automatic 
None 
None 
Automatic 
Automatic 
Manual* 
m n d *  
Ma.KIUalH 

Special Process by GSFC. * 
)Hc 

The temperatures of a l l  systems had increased beyond design limits as a 
result of aerodynamic heating so tha t  these data could not be used. 
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CHAPTER IX 

By Charles A. Gurtler 
Langley Research Center 

SECTION I - INTRODUCTION 

Pressurized-cell detectors were developed and constructed at the Langley 
Research Center t o  obtain a d i rec t  measurement of the micrometeoroid puncture 
hazard t o  t h i n  s t ruc tura l  material. 
around the  periphery of the  rocket motor used on the Explorer XI11 s a t e l l i t e .  
(See f ig .  IX-1 . )  
0.005 inch were used on the  detectors. 
of each detector w a s  U.8 square inches and the  t o t a l  exposed surface of the 
160 detectors w a s  24.2 square fee t .  The average w e i g h t  of the detectors w a s  
68 grams. 

A t o t a l  of 160 detectors were mounted 

Material thicknesses of 0.001, 0.0015, 0.002, 0.0025, and 
The exposed surface of the t e s t  material 
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Figure 1x4.- Cut-away view of micrometeoroid satell ite.  
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SECTION I1 - DESCRISTION 

The pressurized-cell detector was designed so that a puncture of the thin 
t e s t  material by a micrometeoroid would allow the pressurized helium t o  leak 
out. 
sensitive metal-corrugated diaphragm. 
mitted t o  a snap-action switch which w a s  used t o  signal the telemeter of the 
puncture. 

This pressure loss would create a pressure change across a pressure- 
The deflection of the diaphragm was trans 

Details of the detector are shown i n  figure IX-2. 

A 
t 

1 7.40 

7 . 1 2  

A-A Pressure sensitive 

-1.46 +.I 

,Plunger P i  
7 rad. 

I 
L--Switch actuation adjustm ent cam 

Figure IX-2.- Pressurized-cell detector. Dimensions are in inches. 



The material used i n  the t h i n  test section of the  detector w a s  beryllium 
copper. 
it could be rol led t o  very t h i n  sheets and s t i l l  be impervious t o  the in te rna l  
gas. 

CareRzlly selected fine-grain pressure-diaphragm stock w a s  used because 

Figure IX-3  shows a l l  the  component parts of the  detector and the  sequence 

L-62-332 
Figure I X - 3 . -  Component par t s  of pressurized-cell detector. 

of fabrication. 
material with a thickness of 0.014 inch. 
die (see f i g .  I X - 4  and f ig .  I X - 5 )  where 8 corrugations were formed with hydraulic 
pressure t o  r igidize the  base plate .  
formed a r i m  around the outer edge of the  base plate .  
bending f ix ture  was used t o  complete the  fabrication of the base p la te  by 
turning up the semicircular ends and punching the  holes f o r  the switch body and 
t h e  f i l l  tube. 

The base assembly w a s  fabricated from beryllium-copper sheet 
The material w a s  placed i n  a forming 

The s t r i p  was then placed i n  a d ie  which 
(See f i g .  IX-6.) A 

(See f ig .  IX-7 . )  

The pressure capsule w a s  fabricated from two pressure-sensitive diaphragms 
which were hydraulically formed from 0.008-inch-thick beryllium-copper sheet 
material. Figure rx-8 shows the  d ie  used t o  fabr icate  the diaphragm. 
diaphragms were silver-brazed together t o  form a pressure-tight capsule and were 
then silver-brazed t o  the  switchbox by induction heating. 
Figure I X - 3  shows the  par t s  of the diaphragm switchbox assembly and the assembled 
uni t .  A f ix tu re  w a s  constructed t o  posit ion the diaphragm-switchbox assembly, 

The 

(See f i g .  IX-9 . )  



L-62-344. 1 
Figure IX-4.- Detector-base forming die. 

I 

L-62-341.1 
Figure IX-5.-  Detector-base forming apparatus. 

L-64-3091 
Figure IX-6.- Detector-base-rim forming die. 

160 

I 
I 1  - - - - -  - 



-~ - 

(a) Before bending. L-64-3092 (b) After bending. L-64-3093 

Figure IX-7.- Detector-base-end forming die. 

L-62-340.1 L-62-334.1 
Figure IX-9.- Induction-heating fixture for Figure IX-8.- Detector pressure-sensitive 

diaphragm die. silver-brazing pressure capsule and swltch 
body assembly. 
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fi l l- tube,  and mounting f e e t  while they w e r e  silver-brazed i n  place. A heat- 
t rea t ing  f ix ture  w a s  designed and constructed t o  hold 10 complete base assem- 
b l i e s  during the  precipi ta t ion hardening cycle. 
surfaces i n  posit ion during the  stress-relieving and hardening cycle. 
f ig .  IX-10.) 
controlling the temperature at 6000 F f o r  3 hours. 

The f ix ture  held the c r i t i c a l  
(See 

The age hardening Of the beryllium copper w a s  accomplished by 

Ir 62 -342 
Figure IX-10.- Detector-base-assembly heat-treating 

fixture . 

L- 62-335 
Figure IX-Il.- Assembly of detector base and test 

material. 

After the heat-treating cycle 
was completed, the oxides were 
removed from the base assembly with 
a solution of phosphoric acid and 
then the  edges were tinned with 
100-percent-tin solder. The test  
material w a s  tinned around the  
outer edge and then thoroughly 
cleaned of f l u x  and foreign matter. 
The tes t  material w a s  wrapped on 
the base plate  (see f i g .  I X - l l ) ,  
the  jo in ts  were crimped and then 
sweat soldered i n  place. One- 
hundred-percent t in ,  which had a 
melting point of 450° F, was used 
t o  solder the joints .  

The detector w a s  charged w i t h  
helium t o  a pressure of 25 psia  
a f t e r  t he  fabrication and assembly 
w e r e  completed. The f i l l  tube w a s  
used t o  admit the gas t o  the detec- 
t o r  and w a s  then sealed by mechani- 
c a l  crimping and soldering. Each 
detector w a s  checked f o r  leaks i n  
t h e  vacuum chamber of a helium leak 
detector (see f ig .  1 x 4 2 )  and dis- 
carded i f  there w a s  any indication 
of a leak. The sens i t iv i ty  of the  
leak detector w a s  suff ic ient  t o  
indicate a leak of 2 x 10-5 micron 
cubic f e e t  per hour which would 
have given the pressurized- 
c e l l  detector a l i fe t ime of 
3.5 x lo4 years before leaking 
t o  the  switch-actuation pressure. 
Pressurized-cell detectors t h a t  
indicated no leak were marked 
with a serial number and complete 
records were maintained on each 
uni t  so marked throughout the  
test  program. The last s t ep  i n  
the  construction program con- 
s i s t ed  of vapor depositing t h i n  
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fi lms of aluminum and s i l icon  mon- 
oxide on the  detectors f o r  tempera- 
t u re  control i n  the space 
environment. 

The pressure-sensitive-capsule 
switch assembly was designed so tha t  
t he  force-transmltting member and the 
pressure switch were instal led on the 
outside of t he  pressure chamber. 
This eliminated the need f o r  e lec t r i -  
ca l  and mechanical feed throughs i n  
the  pres sure- chamber w a l l .  Switch- 
actuation pressure could also be 
adjusted without disturbing any pres- 
sure seals i n  the  chamber. The 
switch contacts were i n  a closed 
position u n t i l  t he  sensor w a s  punc- 
tured and the  helium allowed t o  
escape. This switching arrangement 
eliminated the possibi l i ty  of 
foreign matter collecting on the con- 
t a c t s  while the  vehicle was being 
assembled, and allowed the switch- 
contact resistance t o  be monitored 
during the  prelaunch checks. 

L-62-337.1 
Figure I X - 1 2 . -  Pressurized-cell-detector leak- 

checking system. 

SECTION I11 - ENVIROIWENTAL TESTING 

Pressurized-cell detectors were exposed t o  numerous pressure and tempera- 
t u re  cycles and vibration t e s t s  t o  yield information concerning the expected 
l i f e  of t he  detector. The thermal-design study of the vehicle indicated the  
maximum orb i t a l  temperature of the  pressurized ce l l s  should be approximately 
1170 F and the  coldest o rb i t a l  temperature approximately 10' F. Since the 
pressurized-cell detector w a s  sealed at 25 psia at  YO0 F, the pressure over the  
expected orbital-temperature extremes could have ranged from 22.2 ps ia  t o  
27.2 psia.  
pulse between the pressures of 14 and 34 psi .  
exposed t o  6,600 cycles t o  determine i f  there were any areas tha t  showed m e t a l  
fatigue. 
detectors. 

Pressure-cycling apparatus w a s  set up t o  apply a l i nea r  pressure 
A group of 12  detectors w a s  

The helium leak detector indicated 110 leak i n  any of the  tes ted 

"he ultimate strength of the  detectors covered with 0.001-inch-thick mate- 
rial w a s  t es ted  by applying pressure u n t i l  a rupture occurred. 
were tes ted  and a l l  failed within the  pressure range of 65 t o  75 psi .  

Ten detectors 

Temperature-cycling apparatus consisting of a 260° F glycerin bath, a 
TO0 F w a t e r  bath, and a -loo alcohol bath w a s  used t o  expose the  detectors t o  
a cyclic accelerated temperature test. 
glycerin and the  cold alcohol bath. 

The water bath w a s  used between the hot 
This served as a r inse since both alcohol 
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and glycerin were soluble i n  water and minimized the contamination of t he  baths. 
The water bath a l so  brought the detector t o  an intermediate temperature and 
reduced the  amount of thermal capacity required t o  maintain uniform tempera- 
tures  i n  the  baths. 

A group of 10 detectors sustained 2,000 cycles through the  baths without 
any fa i lures .  
The detectors were allowed t o  soak i n  the  hot and cold baths u n t i l  they were 
within 50 F of the  bath temperature. 

The temperature of the  detectors w a s  measured with thermocouples. 

This type of testing subjected the  detectors t o  thermal shock which w a s  
much more severe than would exist i n  the space environment. 
t h i s  procedure was a means of obtaining a large number of temperature cycles i n  
a relat ively short period of time. 

Although severe, 

The pressure switch w a s  set t o  actuate when the in te rna l  pressure reached 
5 psig. The s t a b i l i t y  of the  set t ing w a s  checked through various stages of the 
environmental testing by placing the  detector i n  a glass  tubular pressure cham- 
ber. 
through the pressure chamber t o  an ohmeter w h i c h  monitored the  s w i t c h  actuation; 
the in te rna l  pressure of the  detector w a s  determined by noting the  pressure 
applied t o  the  chamber when the th in  t e s t  material of the detector began t o  
.deflect. 

(See f ig .  I X - 1 3 . )  Electr ical  connections from the  detector w e r e  fed 

When the  external pressure exceeded the  in te rna l  pressure by only a 

Flgure IX-13.- Pressurized-cell detector switch-setting chamber. L-62-336 
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f e w  hundredths of a pound, large inward deflections of the t h i n  test material 
would occur. 
load were checked i n  t h i s  manner as well as i n  the  helium leak detector after 
the payload environmental tes t  program. Switch set t ings w e r e  within 2 percent 
of t h e i r  i n i t i a l  se t t ing  i n  all cases, and there  w a s  no indication of any leak 
o r  loss of pressure i n  any of the  detectors. 
mental t e s t  program are covered i n  chapter VII. 

A l l  the  pressurized-cell detectors used i n  the  Ekplorer XI11 pay- 

Details of the payload environ- 

SECTION N - CALCBFU!ITON 

The pressurized-cell detectors used 16 time channels i n  the  telemetering 
system t o  transmit the  160 b i t s  of i a f o m t i o n .  
t o r s  w a s  transmitted by each channel. 
channel was divided in to  10 steps. Each time a detector switch opened, a per- 
manent change of one s tep  (approximately 10 percent of f u l l  scale) occurred i n  
the  telemetry channel. 

The information from 10 detec- 
The full-scale range of the telemetering 

The telemeter zero- and ful l -scale  values w e r e  trans- 
mitted each time a channel w a s  read t o  
indicate any changes tha t  may have 
occurred from environmental tempera- 
t u r e  effects .  Since the pressurized- 
cell-detector signal consisted of a 
switch opening, t he  temperature of the  
detector did not a f fec t  the  accuracy 
of the  telemeter. Continuous moni- 
toring of the  detectors by the  telem- 
e t e r  (or  use of a storage device) w a s  
not required because once the  detector 
i s  punctured, the switch w i l l  remain 
i n  the open position, and the  data a re  
thus maintained i n  a nondestructive 
s ta te .  The telemeters could be turned 
on by a comand signal from the  ground 
s ta t ion  and would transmit data f o r  
approximately 1 minute before they 
were automatically cut off .  A cali-  
bration of one of t he  telemetry chan- 
nels containing 10 pressurized-cell 
detectors i s  shown i n  f igure IX-14. 

SECTION V - F'LIGEI' RESULTS 

The payload w a s  launched in to  
orb i t  and information w a s  telemetered 
and recorded through the twenty-ninth 
pass. There were no switch openings 
of the  pressurized- c e l l  detectors 
during t h i s  time. D a t a  were processed 

F u l l  scale 

Telemeter A 
Channel 0-5 

I I I I I I . . !  I I I 

0 1 2  3 A 5 6 7 8 9 10 

Switch c1Gsures 

Figure 14.- Calibration of telemeter channel D-5 
containing 10 pressurized-cell detectors. 
(These data are time coded on telemetry 
system.) 



from tape recordings taken on orb i t s  1, 9, 13, 14, 15, 21, 22, 23, and 28. The 
last recording w a s  taken 45 hours a f t e r  launch. 
recorded during the  f l i g h t  are  shown i n  f igure VI-10. The m a x i "  temperature 
recorded w a s  133O F which occurred on the  first orb i t  and the minimum tempera- 
ture  w a s  800 F which occurred i n  the fourteenth orb i t .  
a re  taken during the  time the  telemeter i s  transmitting t o  the ground s ta t ion  
which represents a s m a l l  portion of the o rb i t a l  time. With the limited number 
of temperature recordings, it i s  d i f f i cu l t  t o  determine the maxi" and minimum 
temperatures tha t  w e r e  obtained during the f l i g h t .  There w a s  no indication of 
any malfunctioning of the 160 pressurized-cell detectors during the launch and 
o rb i t a l  l i f e  of t he  vehicle. 

Pressure-cell temperatures 

The temperature readings 
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CHAPTER X 

COPPER-WIRE-CARD DEX'ECI'ORS 

By Luc Secretan 
Goddard Space Flight Center 

SECTION I - DESCRIPTION 

C a r d  Design.- Each copper-wire-card detector consisted of a winding of 
Two wire sizes fine wire mounted t o  a 1.45- by 7.00-inch rectangular card. 

w e r e  used - 2-mil and 3-mil (fourteen 2-mil cards and thirty-two 3-mil cards). 
The t o t a l  exposed effective area was about 1.2 square feet  (0.11 square meters). 
A sketch of a detector i s  shown i n  figure X-1. These detectors are similar t o  
the detectors flown on previous satel l i tes .  

Quadrant DesiKn.- The 36 cards are arranged i n  four groups of 12 cards 
each with four pairs of 3-mil cards i n  parallel  and four single 2-mil cards i n  
parallel. Each group is  mounted on a fiber-glass support that can readily be 
removed f r o m  the payload for  repairs o r  replacements with appropriate spares. 
Individual cards can be replaced readily i f  necessary. 
quadrants is  shown i n  figure 11-2. 

The assembly of the 

Temperature-Balance Experiment.- The grids f o r  the temperature-balance 
experimgnt- vere wound--dth insulated wire. The thermal balance of such a 

.032 THK. MELAMINE LAMINATE f 

I 

300 -n- 
RES I S  TOR 

k.002 OR .003 ENAMELED 
COPPER WIRE WINDING 

COPPER TERMINAL 

21 TE 5 100- 
THERM I ST OR 

Figure X-1.- Copper-wire card detector. All l inear  dimensions are in inches. 
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winding has been examined under conditions approximating flight environment. 
One card of 3-mil wire with a thermistor attached w a s  enclosed i n  a b e l l  jar 
and exposed t o  the  sun after evacuation. 
shading the  b e l l  jar except f o r  a window w h i c h  allowed the  sun's rays t o  s t r ike  
the  winding. 
Figure X - 2  shows that the temperature does not r i s e  beyond 6 5 O  C i n  20 minutes 
of continuous exposure t o  the sun. 
Gamer of Lockheed AircraSt Corp. give a r a t i o  of absorptivity t o  emissivity of 
1 f o r  th i s  type of enamel insulated wire. 

External radiation w a s  reduced by 

The temperature of the  thermistor w a s  recorded at intervals.  

Complementary tests m a d e  by D r .  Roger E. 

Compensation f o r  Resistance Changes.- Temperatures at the wire-card sur- 
faces were expected t o  extend from -loo C t o  a maximum of 60° C. Since copper 
has a thermal. coefficient of resistance of 0.33 percent per OC, the resistance 
of the  wire would change 22 percent and a compensator had t o  be provided. A 

T ,"C 

MINUTES 

Figure X-2.- Thermal cycles of wire grids i n  sun. 
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100-ohm thermistor with a negative coefficient of -3.9 percent per OC w a s  
selected, wired i n  pa ra l l e l  with a 300-ohm fixed res i s tor  and ins ta l led  i n  
ser ies  with each 2-mil card and with each pa i r  of 3-mil cards. 
resistance of 2-mil and 3-mil compensated cards is  shown i n  figure X-3 f o r  var- 
ious temperatures and compared with the resistsnce of uncompensated copper. 
The increase i n  resistance from 200 C t o  600 C i s  12 ohms or  2.7 percent. 
Below 200 C the effective resistance a l so  increases and the curve i s  similar t o  
tha t  obtained f o r  high temperatures. 

The effective 

Since the  telemetry w a s  conceived so tha t  the f a i lu re  of one detector i n  
a group of four would change the  signal length (time coded data) by 10 percent 
of full-scale value, a resistance change of 3 percent result ing from tempera- 
t u re  extremes would not cause a spurious signal. The resistance of individual 
cards varied somewhat from card t o  card, and the  resistance of one of the 2-mil 
cards w a s  only approximately equal t o  tha t  of two 3-mil cards i n  ser ies .  Uni- 
formity was obtained by adjusting a l l  t he  cards of one quadrant t o  a common 
resistance value of 3 3  percent by adding s m a l l  fixed resis tors .  
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Figure X-3.- Resistance-temperature charts for wire grids. 



SECTION I1 - FESITLTS 

The par t ic le  s ize  required t o  break a wire w a s  estimated t o  be one-half 
the  s ize  of the  wire. 
the  required time f o r  one break would be 24 days f o r  t he  2-mil wire cards and 
120 days f o r  the  3-mil cards. During the short l i f e  of the  Explorer XTII, no 

h i t s  were recorded i n  the 2--day exposure t o  the  space environment. 

Based on current estimates of the meteoroid i n f l u x  rate, 

1 
2 



CHAFTER X I  

I 

CADMIUM-SULFIDE EXPERIMENT 

By Luc Secretan 
Goddard Space F l ight  Center 

SECTION I - DESCRIPTION 

The cadmium-sulfide sensors are designed t o  detect  micrometeoroid p a r t i c l e s  
too  f i n e  t o  damage heavy metal l ic  hardware, but presumably present i n  su f f i c i en t  
numbers t o  damage sens i t ive  surfaces.  Cadmium-sulfide detectors  of similar con- 
s t ruc t ion  but of much smaller area have been used successfully on Vanguard 
satell i tes and on Explorer V I I .  On Explorer XIII, t he  useful  area i s  3.1 square 
inches o r  about 80 times t h a t  of t h e  Vanguard ce l l s .  

Construction.- The construction 
shown i n  f igure  XI-1 i s  t h a t  of a m i r -  
rorized e l l i p so ida l  f lask; t h i s  geomet- 
r i c a l  body had two opt ica l  foci ,  so t h a t  
a ray emanating from one focus would be 
concentrated a t  t h e  second focus by t h e  
re f lec t ing  w a l l s .  To r ea l i ze  these 
conditions, t h e  aluminized Mylar f i l m  
w a s  s t re tched i n  one of t h e  foca l  
planes while t h e  cadmium-sulfide c e l l  
w a s  mounted i n  t h e  other.  Should a 
micrometeoroid penetrate t he  opaque 
aluminized f i l m ,  t h e  rays from t h e  sun 
would f a l l  on t h e  c e l l  or be re f lec ted  
on it from t h e  mirrorized w a l l s .  

Calibration.- Each of t h e  c e l l s  
w a s  cal ibrated as follows: The c e l l  
w a s  covered by an opaque meta l l ic  cover 
provided with an elongated s l o t .  The 
slot w a s  then covered by a s l id ing  
blade pierced by a very s m a l l  ca l i -  
brated pinhole. N e x t ,  t h e  assembly w a s  
mounted on a shaf t  actuated by a 
variable-speed motor and rotated i n  
f ron t  of a Xenon-gas a r c  1 q  to i m i -  
ta te  t h e  revolutions of t h e  payload i n  
t h e  sun. A s igna l  f r o m t h e  cadmium- 
su l f ide  ce l l ,  carr ied by col lect ing 
brushes and rings, indicated t h e  
response of t h e  c e l l  t o  t h e  arc. 
f i g .  XI-2.) ~n invest igat ion i n  sun- 
l i g h t  ve r i f i ed  t h e  s imi l a r i t y  between 

(See 

ALUMINIZED 

12 

Figure XI-1.- Cadmium-sulfide-cell detector. 
All dimensions are in inches. 
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. I  

t he  t o t a l  radiant-energy input t o  the  c e l l  from the  sun and from the arc.  
s l i de  with the  pinhole w a s  moved 1/4 inch at  a time a l l  the way across the 
diameter of the glass  globe, and the response of the c e l l  w a s  noted at  each 
stop. I n  order t o  diffuse the d i rec t  l i gh t  from the  pinhole t o  the c e l l  and t o  
equalize the sens i t iv i ty  of the system from edge t o  edge, some white paint w a s  
applied t o  the  front side of the ce l l .  

The 

SECTION I1 - RESULTS 

The sens i t iv i ty  of the ce l l s  w a s  such tha t  a pa r t i c l e  about 1 m i l  
(2'3 microns) i n  diameter could be detected. It w a s  estimated tha t  one h i t  by 
a par t ic le  t h i s  s ize  would occur i n  about 20 days. 
report, the  Mylar f i l m  ruptured during launch, and admitted a large amount of 
sunlight thus making the experiment inoperative. 
indicated tha t  probable cause of f a i lu re  was due t o  improper f lask  venting. 

A s  stated ea r l i e r  i n  the 

Postfl ight analysis and t e s t s  

The glass f l a sk  described previously represents a volume of a i r  tha t  has 
t o  be evacuated as the s a t e l l i t e  leaves the atmosphere. For t h i s  purpose a 



vent hole had been provided through the rear of the f lask  in to  the large t e l e m -  
e t ry  chamber. This, i n  turn, w a s  vented t o  the  outer space by ser ies  of large 
holes. Preliminary ground t e s t s  indicated tha t  the aluminized Mylar fi lm would 
not be torn by the expanding air, and tha t  venting w a s  adequate. A bet te r  plan 
has now been devised wherein the a i r  i s  vented from the  c e l l  d i rec t ly  in to  the  
outer space. Ground t e s t s  have shown t h i s  new design t o  be adequate. 
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IMPACT-DEI'ECIIION EXPERIMENT 

By Alfred G. Beswick 
Langley Research Center 

SEC'mON I - INTRODUCI'ION 

A meteoroid-particle impact-detection experiment w a s  included as one of 
the secondary experiments of the  Explorer X I 1 1  s a t e l l i t e .  
t o  extend micrometeoroid measurements t o  a low population range where few data  
exist. 
amassed by previous s a t e l l i t e s  employing similar experimental technique. 
detectors having three threshold levels  of momentum sensit ivity,  nominally 
0.01, 0.1, and 1.0 gram-centimeter per second, were provided t o  meet these 
objectives. 

I ts  main purpose w a s  

An additional purpose w a s  t o  correlate with and t o  augment the data  
Impact 

An impact detector consists of an impact-sensitive detecting surface with 
an attached transducer, and signal- conditioning, impact-event counting, and 
count-storage circui t ry .  Two physical configurations of detecting surface were 
used. One configuration w a s  a pa i r  of s ta inless-s teel  plates  having t o t a l  
geometric area of 0.142 square meter mounted on the  conical portion of the 
s a t e l l i t e  forward she l l  and used f o r  the  high and the low sens i t iv i ty  impact 
detection. 
were also sensit ized f o r  impact detection and formed the  second type of 
detecting surface. 
0.186 square meter and w a s  used f o r  intermediate sens i t iv i ty  impact detection. 

The twenty 0.005-inch-thick pressurized-cell penetration detectors 

This configuration had a detecting surface area taken as 

SECTION I1 - IMPACT-DEFECTION-SYSTEMS OPERATION 

The operation of the meteoroid-impact-detection systems depended upon the 
development of a propagating mechanical perturbance due t o  meteoroid pa r t i c l e  
impact upon a detecting surface. Figure XII-1 i s  a block diagram of the  ele- 
ments of the  pressurized-cell impact-detection system, and figure XII-2 i s  a 
block diagram of the  elements of the curved-plate system. 
the  manner i n  which the transducer elements of the detecting surfaces were 
arrayed. 
t i a l l y  the  same. 
a detecting surface produces a propagating mechanical perturbance whfch is  
transduced t o  a representative e l ec t r i ca l  signal by the piezoelectric element 
a t  ached t o  the  underside of the  surface. Figure XII-3 shows oscilloscope 

i s  routed t o  signal-conditioning c i rcu i t ry  and then t o  impact-event counting 
and count - st orage c i rcu i t ry  . 

The figures indicate 

The operations and functional elements of both systems are essen- 
A s  indicated by figures XII-1 and XTI-2, par t ic le  impact upon 

ph 1 tographs of typ ica l  calibration impact signals. The transducer impact signal 
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The impact-detection-signal con- 
dit ioning c i rcu i t ry  consists of a 
broadband amplifier and envelope 
detector, interconnection c i rcu i t ry  
and a monostable multivibrator pulse 
shaper. Each transducer array has a 
separate amplifier and envelope detec- 
t o r  channel. 

The amplifier increased the 
transducer signal aaplitude by a fac- 
t o r  depending upon the  required detec- 
t i o n  sens i t iv i ty .  After amplifica- 
t ion,  t he  signal w a s  applied t o  the  
envelope detector where it w a s  rec t i -  
f ied,  and i t s  high-frequency compo- 
(nents f i l t e r e d  out. The impact signal 
at  t h i s  point w a s  then a repl ica  of 
the negative half of the envelope of 
the signal originally developed by the 
piezoelectric element. The envelope 
detectors of each amplifier channel 
w e r e  paralleled by interconnection on 
t h e i r  output side. Thus, a signal 
from any of the  transducers of a 
given detecting-surface array could 
be t rea ted  by ju s t  one pulse-shaping 
c i r cu i t .  

-1 

The signal w a s  then applied t o  
the  input of the  monostable multivi- 
brator  pulse-shaper c i rcui t ,  the  
voltage bias  leve l  of which, i n  com- 
bination with the signal amplifica- 
t i on  factor,  defined the detection- 
sens i t iv i ty  threshold; suf f ic ien t ly  
large signal amplitudes triggered the 
d t i v i b r a t o r  which then executed i t s  
cyclic excursion; signal amplitudes 
below threshold leve l  were not 
recognized. 

The output signal of t he  multi- 
vibrator  pulse-shaper c i rcu i t  w a s  the  
impact-event counting pulse. Its 
constant parameters provide a be t t e r  
form of input signal fo r  the counting 
and storing c i r cu i t r i e s  than the  
or iginal ly  transduced impact signal.  
The s ta tus  of the impact event- 
counting and storage c i r cu i t r i e s  w a s  

' 

Figure XI-3.- Oscilloscope photographs of 
typical  callbration impact signals. telemetered whenever the  s a t e l l i t e  
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transmitted i t s  data. 
transmissions could be determined f rm the  received data. Details of t he  c i r -  
cu i t r i e s  which accomplished the  impact event counting and count storage w i l l  
be found i n  chapter IV of t h i s  compilation. 

Thus, the  number of impacts accumulated between data 

SECTION I11 - DESCRIPTION OF 1NSTRUMEWWI"ON 

Description of t h e  instrumentation of t h e  meteoroid-impact-detection 
experiment i s  divided i n t o  three parts: 
and t h e i r  attached transducers, t he  associated electronic signal-conditioning 
circui t r ies ,  and the impact event-counting and count-storage c i rcu i t r ies .  

the impact-detecting surface arrays 

Detecting Surfaces and Transducers.- The impact-sensitized detecting sur- 
faces were arrayed i n  two f o r k .  Figure XII-4 i s  a photograph of the  s ta inless-  
s t e e l  curved-plate detecting surfaces showing the  location of a pa i r  of elec- 
t r i c a l l y  paralleled transducer assemblies on the undersurface. 
surfaces were fixed t o  the s a t e l l i t e  forward she l l  by raised acoustic i so la tor  
stand-offs. 

These detecting 

Figure =I-5 is  a photograph of one of the  pressurized-cell 

Undersurface Exposed surface 

electricelly paralleled \ 

L-62-8817.1 
Figure XII-4.- Stainless-steel curved-plate detecting surfaces. 

Exposed surfac 

Figure XII-5.- Impact-sensitized pressurized cell. L-64-1980.1 



detectors showing the  location of the  impact sensi t iz ing transducer assembly 
on I t s  base plate.  The 20 impact sensit ized pressurized-cell detectors w e r e  
d is t r ibuted on the  satell i te periphery as shown schematically i n  figure IV-22. 
Table XTI-I lists the  pertinent physical parameters of t he  two configurations 
of detecting surfaces. 

The impact-sensitizing transducer assembly was the  same f o r  both types of 
detecting surfaces. 
The sensit ive element of the transducer assembly w a s  the  lead-zirconate t i t ana te  
piezoelectric disk, par t  4 of f igure XCI-6. 
prestressed thickness expander mode, and the  e l ec t r f ca l  signal result ing from 
pa r t i c l e  impact w a s  taken across the disk flats by the electrodes, par t  7. 
s t a t i c  loading was supplied by the  cantilever spring, par t  1, which also had the 
function of holding the  assembly i n  place. 
par t  5, coupled the  impact perturbation signal t o  the  piezoelectric disk, while 
maintaining e l ec t r i ca l  isolat ion from the  s a t e l l i t e  structure.  The insulator 
disk, par t  3, preserved e l ec t r i ca l  i so la t ion  and also served as a spacer. The 
transducer assembly w a s  keyed i n  place by the dimple i n  the  cantilever spring 
t ip ,  which rested i n  the depression on the  top of t he  domed brass locating disk, 
par t  2. The thickness of par t  2 w a s  varied t o  adjust  the  s t a t i c  loading on the  
piezoelectric element t o  a desired value f o r  each assembly. 
prevented from gross l a t e r a l  movement by the diallyl-phthalate holding collar, 
par t  6, which had a s l o t  f o r  leadout of the  electrodes. 
detecting surface transducer assemblies were covered by an e l ec t r i ca l  interfer-  
ence shield and dust cover. 

Figure ZI-6 i s  a drawing of t he  components of the assembly. 

This element w a s  operated i n  a 

The 

The fused quartz t ransfer  disk, 

The assembly w a s  

The curved-plate 

Tests showed tha t  the transducer assemblies could be operated i n  elec- 
t r i c a l l y  paralleled groups without significant detriment. Thus, the transducers 
of the  20 pressurized-cell detectors were interconnected i n  groups of f ive  c e l l s  
each. 
pa i r  of transducers In order t o  improve i t s  response uniformity. 

Each curved-plate detecting surface employed an e lec t r ica l ly  paralleled 

Signal-Conditioning Circuitries.-  The impact signals from the detecting sur- 
face transducers are  sharply dmping osci l la t ions ( f ig .  XTI-g), and t h e i r  predom- 
inant .frequency components range from 5 t o  40 kilocycles. Such signals required 
conditioning t o  become compatible with the data storage and telemetry systems of 
the  s a t e l l i t e .  The signal-conditioning c i rcu i t ry  consists of a broadband ampli- 
f i e r ,  an envelope detector, and a pulse shaper. Since the  signal-conditioning 
c i r cu i t r i e s  are  continuously powered i n  orbit ,  a m i n i m u m  power-consumption design 
was required. 

Each of the two detecting surface configurations has i ts  signal- 
conditioning c i rcu i t ry  constructed i n  a separate modular package. Thus, there  
a re  four amplifier channels and envelope detectors i n  the impact-sensitized 
pressurized-cell signal-conditioning c i rcu i t ry  module, and two amplifier chan- 
nels i n  the  curved-plate detecting-surface signal-conditioning c i rcu i t ry  module. 
Figures XI-? and XII-8 are photographs of t he  pressurized-cell and curved- 
plat&’ signal- conditioning-circuitry modules, respectively. 

Figure XI-9 is  a schematic diagram of the  signal-conditioning c i rcu i t ry  
of the impact-sensftized pressurized-cell detectors. 
envelope detector channels associated with the four t r h s d u c e r  groups are shown 

The four  amplifier and 
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L-61-2022 
Figure XI-7.- Signal-conditioning circuitry 

module f o r  impact-sensitized pressurized 
cells. 

L-61-2023 
Figure XI-8. - Signal-conditioDfng circuitry 

module for curved-plate impact detecting 
system. 

i n  figure XII-9. 
amplifier portion of each channel has 
a low pass f i l t e r  t o  exclude radio- 
frequency signals and a shunt-diode 
limiter t o  prevent excessive trans- 
ducer signals from possibly damaging 
the  input t ransis tor .  
f i e r  stages are operated a t  fixed bias 
voltages, by-passed emitters, and very 
low quiescent collector currents. 
Equalization of transducer signal 
amplitude is  provided by a variable 
resistance i n  the second amplifier 
stage. The amplifier section has a 
voltage amplification fac tor  of about 
900: 1. Frequency-response and gain- 
l i nea r i ty  character is t ics  fo r  t h i s  
amplifier are shown i n  figures MI-10 
and MI-11, respectively. A double- 
diode half-wave r e c t i f i e r  and shunt 
capacitor i s  used as an envelope 
detector t o  rec t i fy  and smooth the 
amplified signal a t  the output of each 
amplifier channel. The outputs of the 
four channels are  interconnected fol-  
lowing the  envelope detectors, and 
signals from each channel a re  thus 
applied t o  the  monostable multivi- 
brator  pulse shaper. The multivi- 
brator  w i l l  only respond t o  signals 
having amplitudes equal t o  or  greater  
than the b ias  voltage leve l  at  i t s  
input, thus, a sens i t iv i ty  threshold 
i s  established. When it i s  triggered, 
the multivibrator pulse shaper gener- 
a tes  a signal of constant duration 
and amplitude, which has a short r i s e  
time. The duration of the  multivi- 
brator  cycle i s  suff ic ient  t o  prevent 
it triggering more than once by a 
single impact event. The constant 
parameters of the multivibrator out- 
put pulse, i.e., the  impact events 
count pulse, provide uniform input 
signals t o  the  counting and data 
storage c i r cu i t r i e s  which follow. 
Such uniformity does not ex is t  i n  the 
normally variant parameters of trans- 
ducer signals. 

The input t o  the  

The two ampli- 

Figure MI-12 is  a schematic 
diagram of the sfgnal-conditioning 
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c i rcu i t ry  of the  curved-plate impact-detecting surfaces. This c i rcui t ry  employs 
two amplifier channels, one f o r  each of t he  two curved-plate detecting surfaces. 
Each amplifier channel has three stages of gain and a voltage-amplification 
capabili ty of about 20,OOO:l. The outputs of the  th i rd  stages of the two ampl i -  
f i e r  channels are applied t o  envelope detectors. 
are combined by interconnection and are  applied t o  the threshold selection 
c i rcu i t  a t  the input of the high-sensitivity monostable multivibrator impact- 
event-counting pulse generator. I n  addition, t h i s  signal-conditioning c i rcu i t ry  
has provision f o r  a second lower sens i t iv i ty  threshold of impact detection. The 
lower sens i t iv i ty  threshold i s  determined by applying the transducer signal from 
the second stage of each amplifier channel t o  a second low-sensitivity envelope 
detector. The output sides of the  secondary low-sensitivity envelope detectors 
are a l so  combined by interconnection, and signals at  t h i s  point are applied t o  
a second low-sensitivity monostable multivibrator pulse-shaper c i rcui t .  If the 
signal amplitude from the low-sensitivity envelope detectors i s  suff ic ient  at 
the input t o  the second multivibrator, both the low- and high-sensitivity m u l t i -  
vibrators w i l l  be triggered and cycle. Thus, a dual, high- and low-sensitivity 
threshold capabili ty ex is t s  i n  the  curved-plate impact-detection system signal- 
conditioning circui t ry .  
s e t  t o  about 1/1OOth of the high-sensitivity threshold. 

The envelope detector outputs 

The low-sensitivity threshold of impact detection was 

Both signal-conditioning c i rcu i t ry  modules provide t e s t  points a t  amplifier 
output stages and multivibrator input stages f o r  monitoring of calibration sig- 
nals during f l ight-qual i f icat ion tes t ing.  The power-supply input i s  f i l t e r e d  
and each amplifier stage i s  decoupled. 
enclosed within a copper case, which i s  single-point connected t o  the sa te l -  
l i t e ' s  power-supply ground-reference point. 
25 m i l l i w a t t s  of power. 

Each c i rcu i t ry  module i s  ent i re ly  

Each uni t  consumes l e s s  than 

Impact-Event-Counting and-Count-Storage Circuitries.-  The output of the  
signal-conditioning c i rcu i t ry  of- each threshold leve l  of sens i t iv i ty  of the 
impact-detection experiment was applied t o  impact-event-counting and count- 
storage c i rcu i t r ies .  There were three independent counting and storage cir-  
cui t r ies ,  one f o r  each of the three impact-detection sensitivity-threshold 
levels.  
recycling. A s  previously mentioned, de t a i l s  of the  impact-event-counting and 
count-storage c i r cu i t r i e s  are found i n  chapter I V .  

Each count-storage c i rcu i t  had a capacity of 4,096 counts before 

SECTION IV - CUBRATION 

The calibration of the  impact-detection experiments determined t h e i r  
response character is t ics  t o  impacts of known momenta. 
of a detecting surface w a s  determined by measuring i t s  response t o  many impacts 
a t  various points on the surface. The appropriate correction t o  t h i s  average 
sens i t iv i ty  w a s  made by applying a correction fac tor  derived from the res t i tu -  
t i o n  increment of the  calibrating impact. Signal-conditioning-circuitry 
response t o  calibrating impacts w a s  determined with respect t o  the  varying 
supply voltages and c i rcu i t ry  temperatures anticipated i n  o rb i t a l  f l i gh t .  

The average sens i t iv i ty  

I 



q ++7N .:. 
X l K  

Sens. 
bal. 

4 
0.02 pf 

Figure XI-9.- Schematic diagram of signal-conditioning for impact sensitized pressurized cell. 
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Figure XI-10.- Frequency-response characteristics of impact-sensitized pressurized-cell signal- 
conditioning circuitry. 

The impact-calibration techniques employed par t ic les  of known mass f a l l i ng  
upon detector surfaces through known heights, so tha t  impact momenta were known. 
Linear response t o  impacting-particle momenta w a s  assumed f o r  t h i s  experiment. 
This assumption w a s  i n  accordance with the practice of other United States 
experimenters performing similar experiments on s a t e l l i t e s .  
par t ic les  employed were spheres of aluminum oxide, of synthetic ruby and sap- 
phire quality, ranging from 135 micrograms t o  16.1 milligrams i n  mass. 
heights were accurately controlled, and were varied as required t o  obtain spe- 
c i f i c  values of impact momenta. 
of drag upon calculated momenta w a s  negligible. 

The calibrating 

DroppPng 

Drop heights were kept low, so tha t  the effeca 

Figure XI-13 is  a photograph of the manually operated calibrating mechan- 
i s m  employed i n  impact calibrations. The calibrating par t ic les  were positioned 
on the glass  p la te  and gently pushed over i t s  undercut beveled edge, designated 
by the arrow i n  the figure.  
onto the  detecting surface positioned below. The manual-impact calibration 
technique produced consistently uniform transducer output provided the drop 
procedure w a s  carefully controlled t o  minimize tangential  and spin components of 

The par t ic les  then f e l l  through the known height 
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Figure X3Z-U.- Gain and linearity characteristics of impact-sensitized pressurized-cell signal- 
conditioning circuitry. 

the  impact-momentum vector. 
detecting surfaces w a s  foreign m a t t e r  i n  the path between the impact s i t e  and 
the piezoelectric element of the  transducer assembly. Debris i n  t h i s  path 
produced unpredictable variations i n  transducer response t o  impact but w a s  
found t o  be avoidable by careful a t tent ion t o  cleanliness i n  both transducer 
assembly and calibration procedures. 

A very troublesome fac tor  i n  the calibration of 

A special t e s t  f ix ture  w a s  employed t o  measure the  re la t ive  voltage sen- 
s i t i v i t i e s  of the piezoelectric elements employed i n  transducer assemblies. 
piezoelectric elements were then selected so tha t  the e l ec t r i ca l ly  paralleled 
transducer assemblies i n  each transducer group were matched i n  impact 
sensi t ivi ty .  

The 

Special signal-conditioning c i rcu i t ry  w a s  employed i n  the  qualification 
and calibration of detector surfaces and transducers. The special  c i rcu i t ry  
w a s  e lec t r ica l ly  ident ica l  t o  flight-model c i r cu i t r i e s  but provided additional 
tes t  points f o r  measuring impact-signal parameters and signal-conditioning- 
c i rcu i t ry  performance. The peak amplitude of the  negative half of the  amplified 
impact-signal envelope w a s  monitored as the  measure of t he  response of detecting 
surfaces and transducer assemblies t o  impact momenta. 
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L-62-7320.1 
Figure XI-13.- Manually operated impact- 

calibrating t e s t  fixture. 

Figures XII-14 and XII-15 show 
the var ia t ion of response of the 
detecting surface of an impact sensi- 
t i zed  pressurized c e l l  with impact 
s i te  and incidence angle. The impact 
response calibration of detecting 
surfaces such as tha t  i l l u s t r a t ed  by 
t h i s  f igure w a s  determined by aver- 
aging many impacts a t  each impact 
cal ibrat ing site. Figure XII-16 
shows the  change of impact sensit ized 
pressurized c e l l  response var ia t ion 
caused by depressurization. The char- 
ac t e r i s t i c s  of f igure =I-16 include 
the  effects  of atmospheric coupling 
and damping, although these ef fec ts  
would not be present i n  orbi t .  How- 
ever, these factors  w e r e  considered t o  
be small i n  comparison with tolerances 
of other meteoroid impact-detection- 
system parameters. 

Figure XII-17 shows the  variation of impact response w i t h  impact s i te  of a 
The figure a l so  shows the e f fec ts  upon impact- curved-plate detecting surface. 

response variation result ing from operating a pa i r  of e lec t r ica l ly  paralleled 
transducer assemblies matched i n  impact sensi t ivi ty ,  and appropriately posi- 
tioned on the detecting surface underside. 

Since it has been assumed that the  response of the  impact-detection experi- 
ment i s  t o  the  momentum of the impacting par t ic le ,  the  impact momenta of cal i -  
brating par t ic les  must be corrected f o r  the  r e s t i t u t ion  increment of the  essen- 
t i a l l y  e l a s t i c  col l is ion of a calibrating impact. Photographic measurement of 
rebound heights of many impacts w a s  employed i n  determining the coefficients of 
r e s t i t u t ion  f o r  the  impact-detecting surfaces of the  Explorer XIII. 

The measurements of detecting-surface response and transducer-assembly 
response t o  calibrating impacts and signal-conditioning-circuitry performance 
under various conditions of temperature and voltage permit the def ini t ion of 
the impact-detection-system performance. Figures XII-18, XI-19, and XII-20 
are  the impact-sensitivity character is t ics  of the  0.01, 0.1, and 1.0 gram- 
centimeter per second momentum threshold impact-detection systems, respectively. 
The momentum thresholds are  plotted against signal-conditioning-circuitry t e m -  
perature at three power-supply voltages. The character is t ics  shown on the  f ig-  
ures include the e f fec t  of the  coefficient of res t i tu t ion .  

For the Explorer XI11 impact-detection experiment, it has been assumed 
tha t  the momentum response of the impact-detection systems which is  observed 
i n  calibration procedures remains valid for  meteoroidl par t ic le  encounters, even 
though meteoroid-particle impact veloci t ies  a re  enorm,ously greater, and masses 
correspondingly smaller, than calibrating-particle veloci t ies  and masses. The 
assumption tha t  impacting meteoroids can be assigned an average impact velocity 
derived from observations of other meteoroid monitoring techiques, permits the 



Figure XII-14.- Response variation of impact-sensitized pressurized cell with impact site. 
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Figure XII-15.- Response variation of impact-sensitized pressurized cell with impact incidence angle. 
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Figure XI-16.- Impact-sensitized pressurized-cell response variation with differential pressure. 
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Figure m-17.- Impact-response variation of curved-plate detecting surface w i t h  impact site. 
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Figure XII-18.- Momentum-sensitivity threshold variation with signal-conditioning circuitry tempera- 
ture and supply voltage f o r  high-sensitivity curved-plate impact-detection system. r 

.4 Mlt. 3 It Of m t i  

L U I  

Figure XII-19.- Momentum-sensitivity threshold variation with signal-conditioning circuitry tempera- 
ture 
detection system. 
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Figure XII-20.- Momentum-sensitivity threshold variation with signal-conditioning circuitry tempera- 
ture and supply voltage for low-sensitivity curved-plate impact-detecting system. 

assignation of an effective average-mass sens i t iv i ty  threshold of the  impact- 
detection systems. 
of other United States experimenters (ref. 1). 

These two assumptions are i n  accordance w i t h  the  practices 

Where the singularity of the  Explorer XI1 impact-detection systems pre- 
cludes correlation with other similar experiments, as f o r  example, i n  the  case 
of the impact-sensitized detecting surfaces of the  pressurized cells,  an attempt 
has been made t o  provide suff ic ient  calibration measurements so tha t  the appro- 
p r i a t e  corrections can be applied when be t t e r  knowledge of the proper way of 
doing so becomes available. 

SECI'ION V - RESULTS AND CONCLUSIONS 

The meteoroid-impact-detection e l rpehen t  of the Explorer X I 1 1  operated 
normally f o r  t he  majority of i t s  br ief  orb i ta l  l ifetime. 
the counts registered by each of the  three momentum-sensing levels  are  l i s t e d  
i n  table XII-II. This table  lists the  accumulated count readout of telemetered 
data. Certain applicable corrections such as the  modification of the effect ive 
area of detecting surfaces due t o  the  earth shielding factor, and signal- 
conditioning-circuitry power-supply voltage and temperature fluctuations due t o  
o rb i t a l  f l i gh t  would produce minor modifications appropriate t o  rigorous anal- 
yses of these data. 

The actual values of 

Figure X I - 2 1 i l l u s t r a t e s  summaries of the  Explorer X I 1 1  
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from selecting orbital intervals; lower points axe later intervals. 

Vertical spread i n  Explorer XI11 data points result 



meteoroid-impact-detection-system counting rates of table XII-I1 campared with 
several models of the earth's meteoroid environment proposed by various 
observers. 
tially higher than those measured by other similar satellite experiments repre- 
sented by the curve of Dubin, Alexander, and McCracken, from reference 1, 
although these rates were decreasing with the satellite's time in orbit. 
explanation is known for this circumstance, and better definition of the 
Explorer XI11 meteoroid environment cannot be realized because of the lack of 
data. 

The figure shows that the measured impact f lux rates are substan- 

No 

It is possible that the orbit of Explorer XI11 could have been a factor in 
producing the high counting rates of the meteoroid-impact-detecting systems. 
A s  has been described in previous sections of this compilation, the orbit had 
very low initial perigee (113.5 kilometers) which subsequently larered progres- 
sively. 
impact-sensing transducer elements might have caused the impact-detecting sys- 
tems to register signals which were not meteoroid impacts. 

Aerodynamic mechanical perturbances and temperature effects on the 

Considering these factors, the meteoroid-impact data gathered by the flight 
of the Explorer XI11 must be considered inconclusive. 
cant to point out that a valid experimental technique has been developed for the 
meteoroid hazard research satellite series. Indications are that more signifi- 
cant results would have been obtained f r o m  this experiment had the satellite 
remained aloft and performed satisfactorily for a longer period of time. 

However, it is signifi- 
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TABU =I-I e-  cHARIu;TE8ISTICS OF THE IMPACT DEL'ECPING SUKFACB 

Shape Size, cm Weight, Area, cm 2 
~ I 

Material Coating I 
1 

12.5 width 
59.2 outer 

circunf'erence 
32.8 inner 

circumference 
0.079 thickness 

92.8 (each)( projected) 
1856 ( to ta l )  

430 k 10 

Beryllium- Deposited aluminum 
surcoated with 
si l icon monoxide 

capper 

3 

410 stainless Sandblasted sur- 
face; oxidized I s tee l  

1 
Pressurized cel ls  (20) I 

Part of 
pressurized- 
ce l l  weight 



TABLE =I-11.- EWLORER XI11 MFTEOROID IMPACT DETECTION MPEFUMENT COUNT ACCUMULATION 

Antof agasta 27/0803 

Orbit 

2244 

:n ject  ion 

1 

9 

10 

13 

14 

15 

21 

22 

' 23 

28 

Minitrack 
recording 
s ta t ion 

Blossom Point 
Grand Forks 

Ant of agast a 

Quito 

Fort Myers 
Blossom Point 

Blossom Point 

Fort Myers 

Santiago 

Santiago 

D a t  e/Time 
(Greenwich 
Mean Time) 

Elapsed 
time from 
injection 

0 

92 
92 

923 

1027 

1236 

1339 

1441 

1234 

2046 

U 4 1  

Impact experiment 
count accunrulat ion 

sensi t ivi ty  threshold, 
gm- cm/se c 

Woomera 27/1542 2699 , 172 , 

Intermediate 

- 
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